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PREFACE. 

It is well known to all who give instruction in the I 
details of analytical work that students, when pro- 
vided with a text-book, are prone to rely too implicitly 
upon the descriptive matter there furnished, and con- 
sequently neglect to pay sufficient attention to theiy 
own observations, or to draw conclusions from thenn i 

It was my purpose, in preparing this little manual, 
to provide the student with a set of laboratory direc- 
tions which could be used in conjunction with text- 
books, or otherwise, and which, if conscientiously 
followed, would enable him to develop for himself, by 
purely inductive methods, a fairly complete conception 
of analytical processes. It is not, however, the inten- 
tion that the manual should in any sense supplant the 
teacher ; on the contrary, it is my firm conviction that 
satisfactory results in analytical work can be obtained 
only through the careful oversight, the suggestive 
questioning, and the frequent discussion, with the 
class, of the theories and practices involved in the 
work, such as a good instructor only can give. In 
this way the student's mind is kept on the alert, he is 
encouraged to think and reason for himself, and thus 
acquires that self-reliance so essential to the well- 
trained chemist. He should, furthermore, be encour- 
ikged to broaden his knowledge of the general princi- 
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iv PREFACE. 

pies of chemistry by frequent reference to the litera- 
ture of the subject. 

In order that this plan might be logically carried 
out, and that neither teacher nor student should be 
too much hampered by set rules of procedure, I have 
purposely omitted such explanatory matter as>is usu- 
ally to be found in text-books, presenting only so 
much as may be necessary to furnish a basis for the 
study of each group or class of elements. It is ex- 
pected that the student shall be able, by a comparison 
of the reactions studied, to draw conclusions enabling 
him to perform the operations necessary for the sepa- 
ration and identification of the various elements here 
described. Eecognizing a natural tendency on the 
part of every student to formulate these facts, I have 
encouraged him to do so, and, it generally happening 
that several theoretically possible methods of attain- 
ing the end sought are conceivable, the teacher should 
make it his object to discuss these with the student,, 
pointing out the reasons for favoring one rather than 
another of them. 

In the arrangement of the subject-matter, the plan 
followed has been in general that adopted by such 
standard works as Fresenius, Menschutkin, Newth,. 
and others, with such variations as have seemed to me 
desirable for the sake of clearness. Only the com- 
moner elements have been included. These have been 
arranged under the general headings " Base-Forming "^ 
and "Acid-Forming", those falling under each division 
being separately considered. 

The metallic elements are classified, as usual, into 
" groups **, the classification being based primarily 
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upon the solubilities and conditions of formation of 
the sulphides. The order in which the groups are 
numbered is the order in which thej are studied, 
rather than that in which they are used in analytical 
practice. There is at present so much confusion with 
regard to this that it is to be hoped some uniform 
system of group numbering, if not of group arrange- 
ment, may soon be agreed upon. 

In the case of each metal the object has been to 
provide a sufficiently extensive set of reactions for 
study, so that the student might acquire a sufficiently 
broad knowledge of the various elements to enable 
him to institute comparisons; these in turn leading 
him to the desired reactions necessary for purposes 
of grouping, of separation, or of identification. To 
this end four general reagents have commonly been 
employed, viz., the alkaline hydroxides (including am- 
monia), the alkaline carbonates, hydrogen sulphide 
and the alkaline sulphides. In addition, certain dis- 
tinctive reactions have been introduced in the case of 
each element. In conformity with the general pur- 
pose of the book — that of requiring the student to ob- 
tain information for himself — no attempt has been 
made to differentiate, by use of various-sized type, be- 
tween the various reactions, though obviously they are 
not of equal value from a purely analytical point of 
view. 

The method of classification, as well as the plan of 
study, employed in the case of the "acid-forming" 
elements differs very materially from that pursued in 
dealing with the metallic elements. The acids do not 
lend themselves readily to arrangement into groups ; 
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such groaps, moreovery when formed^ having but little 
analytical value. The general reactions, therefore, are 
not given so much prominence as those special reac- 
tions which are used for purposes of identification of 
the acids. A system of grouping, based upon the 
general behavior of the acids upon silver and barium 
salts, is, however, for convenience, placed at the end 
of the book. 

The appendix includes systematic methods of pro- 
cedure in making u preliminary study of unknown sub- 
stances, as well as the mode of procedure in effecting 
the solution of solids. A table of solubilities of the 
more common compounds is also included. 

No pains have been spared to make the subject- 
matter reliable. Naturally the greater part of it has 
been taken from the standard text-books upon the 
subject, nearly all of which have been consulted, but 
much has also been obtained from the current peri- 
odicals, references being given in each case, while 
some is new or represents modifications of older 
methods. With few exceptions, all the reactions given 
have been tested by several years' use in my own lab- 
oratory. 

I am glad to take this occasion to express my grati- 
tude to my friends ; to Professor Samuel Avery, of the 
University of Idaho, for valuable suggestions regard- 
ing the compilation of the book ; to Mr. B. S. Hiltuer, 
who was so kind as to review the proof ; and to Miss 
A. M. Quaiutance, who kindly assisted in the prepara- 
tion of the subject-matter. 

John White. 
Lincoln, Nebraska, 
March 1901. 



INTRODUCTION. 

In order to attain success in chemical analysis the 
student must not only be familiar with ordinary chemi- 
cal phenomena, but he must be able to evaluate these ; 
to select from the large number of reactions exhibited 
by an element in its various combinations those which 
are of chiefest value in enabling him to establish 
with absolute certainty the presence of that particular 
element 

To accomplish this he must make a careful study of 
the properties of the elements under varying condi- 
tions, repeated often enough to make them familiar, 
compare these, and, as a result of the experience thus 
gained, select for practical use those which are pre- 
eminently characteristic of each element. These are 
comparatively few in number, and it is frequently ad- 
visable to use all or several of them for the complete 
identification of an element, hence they should be 
thoroughly understood. 

In carrying out the various operations in connection 
with such study it is necessary that the student should 
observe the greatest care ; often an imperfect fusion, 
a faulty precipitation, or insufficient digestion brings 
about results leading to erroneous conclusions. Too 
hasty a deduction from the facts observed should be 

• • 
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avoided ; all the resalts obtainable should be noted, 
and only in the event that they point to the same 
conclusion is that conclusion justified — not every green 
solution contains chromium, nor every yellow precipi- 
tate, cadmium. Further, it is evident that if he desires 
to be sure of his facts, the student must always be in 
control of the conditions under which those facts are 
obtained. This is possible only where strict heed is 
paid to the utmost cleanliness of apparatus and to the 
complete and accurate carrying out of every operation 
undertaken. He must, moreover, carry this out ac- 
cording to a definite plan— not experiment at random 
— knowing beforehand what results are to be expected 
from each operation, but never with so prejudiced a 
view as not to see results exactly as they exhibit them- 
selves ; in other words, be strictly honest in his deal- 
ings with himself, since only in this way can accuracy 
be attained. 

Of the various operations most used in chemical 
investigation, those which have to do with solution 
and precipitation are of greatest importance. Mod- 
em science has demonstrated that a solution is some- 
thing more than a mechanical mixture of solvent and 
dissolved substance, that in such a case we are not 
dealing with the substance in solution per «e, but with 
a condition of matter known as the ion^ and that it 
is this which is reactive, bringing about chemical 
changes. Especially is this true of water solutions, 
which are those with which we have most frequently 
to do in chemical analysis. 

Under these conditions we do not apply a test for 
iron, or chlorine, or lead, or sulphuric acid, but instead 
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for the iona into which compounds of these may split 
up on going into solution ; e.g., we can readily de- 
tect the iron and sulphuric acid in ferrous sulphate 
by applying tests for the ions of Fe and SO^ , while we 
cannot in a similar manner detect the iron in potas- 
sium ferrocyanide, because here we have to do, not 
with the ton of iron, but with iona of K and Fe{C^)^. 

The whole science of chemical analysis is in reality 
based upon such considerations, and it is evident that 
the analytical chemist who wishes to understand the 
science of his subject must familiarize himself with 
the nature and theory of solution. The limitations of 
this work do not permit a discussion of these theories 
here, and the author must content himself with the 
recommendation to the student that he consult some 
of the treatises dealing more especially with the 
subject/ 

For particulars concerning other operations used in 
Analysis, such as fusion, evaporation, precipitation, 
the filtering, washing and drying of precipitates, etc., 
the student is referred to one of the larger text-books 
(Fresenius, Menschutkin, Newth, and others) where 
these matters have been fully discussed. 

> There are manj of these, dealing with different phases of the 
subject; those which the stadent will find especially helpfal are: 
Ostwald's " Foundations of Analytical Chemistry"; Walker's "Intro> 
daction to Physical Chemistry " ; Van Deventer's ** Physical Chemistry 
for Beginners"; Jones' '<The Modem Theory of Solution "; Whet. 
Lam's "Solution and Electrolysis," etc., etc. 
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THE METALLIC OE BASE-FOEMING 

ELEMENTS.^ 

In making a stndy of the chemical elements from an 
analytical standpoint only those properties of the in- 
dividual element or of its compounds need be con* 
sidered which will enable us to separate that element 
from others or which will serve for its complete iden* 
tification. For this purpose attention must be paid 
especially to differences in behavior toward a given 
reagent, to differences in solubility under similar con- 
ditions, or to variations in color either of salts or of 
volatile compounds when heated, as in making the 
flame test; or, finally, to differences in behavior under 
the influence of heat, resulting in decomposition, vola> 
tilization, etc. 

Of these, that set of properties most frequently 
made use of is the one involving differences in solu- 
bility. It is evident that for purposes of systematic 
arrangement the selection of any particular class of 
compounds whose solubib'ties are to be used is largely 
arbitrary, but experience has shown that the one class 
that admits of use as a basis for the simplest classi- 
fication is the sulphides. With few exceptions, the 
metals unite with sulphur forming stable salts, which 
are for the most part insoluble in water, but which 
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4 THR MSTALUC OR BA^yEFORMiyO BLRMKNTS. 

prenent considerable rariAtioDs of behavior when 
treat4«il with other Holrenta. 

BaMOil tt}>on a couHJtleration of the ]>ro|>erties of the 
sulphides, we mar arrange the baHe-fortuing elements 
into two gen«»ral diviHionH, viz., 

Division I. — Mmi^ wh<»he Sru-minw akk S»miiu: is 

Dii.rTi: Aiiiw*. 

DiM^itis n. — Mi.iu^ ^n<>sK Snj'HinrH AKK lN*-<n.riiii 

IN Vu.x XV. \i II»H. 

(lach of tii('H4« may )>« furthi*r subdividtHl into groupH 
bv taking into roiiHideratinii th«*ir b4»ha\ior toward 
some other c«»mm<»u rea^tMit. Th«« rrMiltx of this 
gntuping will api»4*ar in the following pages. 



DIVISION I. 

METALS WHOSE SULPHIDES AEE SOLUBLE 

IN DILUTE ACIDS. 

GROUP I.— THE METALS WHOSE SULPHIDES AND CAR- 
BONATES ARE SOLUBLE IN WATER. 

Under this heading are included the metals of the 
alkalies : Potassium, Sodium, the hypothetical metal. 
Ammonium, and Lithium. There being no general 
group reagent, it becomes necessary in the course of 
an analysis to apply separate tests for these after the 
removal of the bases of the other groups (ammonium, 
however, is always to be tested for in a portion of the 
original substance). 

The metals constituting this group exhibit very 
similar properties. With few exceptions their com- 
pounds are readily soluble, are stable in solution and 
also under the action of heat (ammonium compounds 
excepted). Lithium, however, differs in some respects 
quite markedly from potassium and sodium, forming 
a difficultly soluble carbonate and phosphate, wherein 
it more closely resembles the elements of the succeed- 
ing group, calcium, barium, etc. ; indeed it serves in 
a sense as the connecting link between the two groups. 

The fact that so few compounds of these metals are 
insoluble limits the number of possible reactions 
which may be used to characterize them, and gives an 
added prominence to the flame colorations and spectro- 
scopic tests, which are most frequently relied upon 
for their detection. 

5 
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POTASSIUM. 

Beaetions of the Solid. — Heat small portions of sev* 
eral potassium salts (e. g., the chloride, nitrate, sul- 
phate, carbonate, etc.) in ignition-tubes, note what 
takes place in each case, and explain any differences 
observed ; what conclusion may be deduced as to the 
stability of potassium compounds when heated? Hold 
fragments of each of the above salts on a clean plat> 
inum wire in the non-luminous flame of the Bunsen 
burner (|)/ Examine the flame through a piece of 
cobalt glass {%), Test the solubilities of the salts of 
potassium, also their reaction towards litmus paper 
and tabulate. 

Beaetions in Solution. — Use a moderately conoentrated 
solution of potassium chloride. 

To a small portion in a test-tube add tartaric acid 
in excess (J) ; divide into two portions, allow one to 
stand and shake the other ; note any observed differ- 
ence in the readiness with which precipitation ensues. 
Bepeat, using dilute solutions {X) > &d<^ ^ little sodium 
acetate (|) ; determine the delicacy of the reaction. Try 
the solubility of the precipitate in hot and cold water, 
in sodium hydrate, sodium carbonate, and in acids {X). 

From the above determine the best conditions for 
carrying out this test for potassium (t). 

To a few drops of the neutral chloride solution on a 
watch-glass add several drops of platinum chloride 



^ The sign (t) is inteDded, tbroaghoat, to call the ttudent's Atten- 
tion to the reaction to be noted. 
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SODIUM. 7 

and allow to stand {X) » ^^ ^^® solubility in hot and 
cold water, in hydrochloric acid, and in alcohol (J). 
How could the test be best carried out in the case of 
potassium salts other than the chloride (e.g., the 
sulphate)? 

Several other substances yield more or less char- 
acteristic reactions for potassium — perchloric acid, 
hydrofluorsilicic acid, and sodium-cobalto nitrite 
each give precipitates. 

Make the spectroscopic tests for potassium, using 
the salt of a volatile acid (X). 

SODIUM. 

Eeaotions of the Solid. — Try the effect of heat upon 
the varioas sodium compounds, as in the case of po- 
tassium (X)- .Compare the stability and solubility of 
sodium salts with the corresponding salts of potas- 
sium {X) ; also the reaction on litmus (|). 

Note the flame coloration {X) I when seen through 
cobalt glass (X) (sometimes, if the cobalt glass is thin, 
two pieces give better results). 

Eeactions in Solution. — Use the chloride. 

Try the effect of tartaric acid in excess upon both 
dilute and concentrated solutions {X) ; compare with 
potassium. 

Add to a few drops of the solution on a watch-glass 
several drops of a ten per cent solution of platinum 
chloride (J) ; evaporate cautiously, but not quite to 
dryness, and allow to cool (J). Determine the solubility 
of this salt in water and in alcohol, and compare with 
the corresponding salt of potassium (J). Would it be 
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possible to use this difference as a means of separat- 
ing sodium from potassium ? Give details. 

To a small quantity of the sodium salt add a clear 
solution of potassium pjroantimoniate {%). Ttj the 
solubility in hot and cold water, in alkalies and in 
acids (I) ; try similar reactions with the pyroantimo- 
niate alone (^). Note all conditions of reaction in this 
test — it gives the only insoluble simple salt of sodium. 

Make the spectroscopic tests for sodium, using salts 
of volatile acids {X)* 

AMMONIUM. 

Eeaotions of the Solid. — Heat in a test-tube or small 
•crucible small portions of each of the following am- 
monium salts: Ammonium chloride, nitrate, sulphate, 
•carbonate, and oxalate ; note what happens in each 
•case, together with any differences observed (|). Com- 
pare with potassium and sodium salts {X). 

Treat any of the above salts on a watch-glass with 
3, solution of sodium hydrate; odor {X). Make a mod- 
erately dilute solution of the salt and treat in the 
fiame way in the cold, then on warming (X) ; hold 
above the vessel moistened red litmus paper, paper 
moistened with a solution of mercurous nitrate, and 
turmeric paper respectively {X). Moisten stirring-rods 
with hydrochloric, nitric or acetic acids, and hold these 
above the vessel {X) (^^J i^ot use sulphuric acid ?). 
Determine the delicacy of these tests by diluting the 
ammonium salt solution more and more {X) — ^^^ very 
delicate tests moisten a piece of red litmus paper and 
attach it to the lower side of a watch-glass used to 
cover the vessel in which the reaction is carried out. 
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Eeactions in Solntion. — Use the chloride. 

Treat concentrated solutions of ammonium chloride 
and carbonate respectively with tartaric acid in ex- 
cess {X) f compare with potassium as to delicacy of 
reaction, solubility of the precipitate, etc. (J). The 
precipitate can easily be distinguished from that of 
the potassium compound by complete ignition of por- 
tions of each on platinum foil. Try them. 

Treat a small portion of the solution with platinum 
chloride, observing the same conditions as in the case 
of potassium {X) ; compare with the corresponding po- 
tassium salt {X) ; the two can be distinguished by 
iguition. Try it. 

Work Old a method for the separation and detection of 
potassium^ sodium and ammonium ; determine its effi- 
ciency by the use of a knotvn solution, then ask for an un» 
knovm as a further test. 

LITHIUM. 

Treat a solution of a lithium salt with tartaric acid, 
as in the case of potassium and ammonium (|) ; also 
with platinic chloride (|) ; compare with potassium, 
sodium, and ammonium. 

Add to a concentrated solution of the chloride so- 
dium carbonate (|) ; describe the characteristics of the 
precipitate, its solubility, etc. 

Add disodium phosphate to the cold chloride solu- 
tion (J) ; now heat to boiling (J). 

Determine the flame coloration of lithium salts, also 
the characteristic spectroscopic bands, and describe (|). 



GROUP II.— THE METALS WHOSE SULPHIDES ARE SOI^ 
UBLE IN WATER, BUT WHOSE CARBONATES ARE 
INSOLUBLE. 

Those metals which are included in this group are 
Magnesium, Barium, Strontium, and Calcium — gen- 
erally known as the alkaline earth metals. 

The group reagent is ammonium carbonate ; this 
substance, under proper conditions, completely pre- 
cipitates the members of the group from solutions 
containing them. The elements constituting the group 
exhibit to a considerable degi:ee a gradation in prop- 
erties corresponding to the variation in their atomic 
weights ; thus the hydrates increase in solubility with 
increasing atomic weight, while the reverse is true of 
the sulphates and other salts. 

For convenience in making the analytical separa- 
tions, magnesium is usually treated separately, not 
being precipitated with the other members of the 
group. For this purpose advantage is taken of the 
characteristic tendency of this element to form soluble 
double salts with the salts of ammonium, which are 
not precipitated upon the addition of ammonium car- 
bonate. The other elements constituting the group so 
closely resemble each other that it is difficult to devise 
a thoroughly satisfactory method for their separation, 
; hence a variety of methods have been suggested, none 
* of which, however, give very complete separations. 

10 
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MAGNESIUM. 

Beaotions of the Solid. — Heat small portions of the 
sulphate, chloride, and carbonate in ignition-tabes, 
hold a piece of moistened blue litmus paper at the 
mouth of the tube ({). Heat portions of any one of 
these salts on charcoal, using the blowpipe {X)\ 
moisten the mass thus obtained with cobalt nitrate 
and again heat ; note the color of the mass (|).' 

Beaotions in ftolntion. — Use the sulphate or chloride. 

To a neutral solution add sodium hydrate (:^), warm 
and filter; test the solubility of the precipitate in acids 
and in ammonium salts (chloride, carbonate) (|). Be- 
peat, using ammonium hydrate instead of sodium hy- 
drate ; filter and save the filtrate for further tests as 
described below. Try the action of sodium and am- 
monium carbonates upon magnesium salts, using both 
concentrated and dilute solutions (|) ; in case no pre- 
cipitation occurs allow to stand for some time (X)- 

Bepeat each of the above reactions, Jiaving first 
added an excess of ammonium chloride to the mag- 
nesium salt solution ; note any observed differences in 
the reactions, and explain. 

To a moderately concentrated neutral solution add 
disodium phosphate {X)' ^^ another portion add, in 
the order given, ammonium chloride, ammonium hy- 
droxide and disodium phosphate, shake well and let 
stand {X)f compare the two precipitates. Test the solu- 
bility in dilute acids (|) ; will ammonia reprecipitate 
the magnesium salt from these solutions ? 

'Not a very satisfactory test ; the color is so delicate as to be often 
completely obscured. 
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Test the filtrate, saved from the treatment with am- 
monium hydrate above, according to directions just 
given (^). What conclusions may be drawn from this 
as to the completeness of the precipitation of mag- 
nesium salts by ammonium hydrate ? Explain. 

Try the behavior of magnesium salts toward potas- 
sium chromate and ammonium oxalate respectively (|). 

Add excess of barium or calcium hydroxide to the 
magnesium salt solution and warm, filter, add to the 
filtrate ammonium chloride and ammonium carbonate 
to remove excess of barium or calcium, filter and ex- 
amine the filtrate for magnesium (|). How can mag- 
nesium be separated from potassium and sodium? 
How from ammonium ? 

BARIUM. 

Eeactions of the SolicL — Determine the stability of 
barium salts (barium chloride, sulphate, carbonate, 
etc.) under the influence of heat (^). 

Try the solubility of barium salts (chloride, nitrate, 
etc.) in water, in alcohol, and in a mixture of alcohol 
and ether, by digesting warm, filtering and testing the 
filtrate for barium (^). 

Heat some banum chloride on the platinum wire in 
the non-luminous flame iX) ; after heating some time 
moisten the substance left on the wire and test its re- 
action on litmus paper {X) > repeat, using barium sul- 
phate and barium phosphate (|). 

Beaotions in Solution. — Use the chloride. 

When sulphuric acid is added to a cold solution of a 
barium salt a white precipitate is obtained {%) ; test its 
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solubility in acids, in alkalies and in a concentrated 
solution of ammonium sulphate (^); see if the pre- 
cipitate can be filtered off readily {X). Bepeat, but 
heat both the barium solution and the sulphuric 
acid nearly to boiling before adding them together, 
then allow to stand until most of the precipitate 
has subsided ; can the filtration be now more readily 
carried out ? Boil the sulphate with a solution of so- 
dium carbonate containing a little sodium sulphate ; ia 
it changed to carbonate ? Heat some of the sulphate 
on charcoal, using the reducing flame of the blowpipe,, 
place the residue on a silver coin and moisten (|). 

Alkaline carbonates (sodium, potassium, and am- 
monium carbonates) give precipitates with barium, 
salts (t). To make the precipitation with ammonium 
carbonate complete it is necessary to add ammonia 
and to heat^ Why ? Try the solubility of the pre- 
cipitate in dilute acids {%) \ ^^^^ some of it with a solu- 
tion of sodium sulphate, then try the solubility a& 
before ; what change has taken place ? 

To a solution of barium chloride add potassiunr 
dichromate in slight excess (^); filter, and to the filtrate^ 
add ammonia or sodium acetate (|). Try the same, 
using potassium chromate (|). Test the solubility of 
the precipitate in acids, including acetic acid, and in. 
alkalies; boil some of it with sodium carbonate,, 
filter and wash, treat with dilute hydrochloric acid (X). 

Treat the solution with ammonium oxalate {%) » ^^J 
the solubility in water, hydrochloric, nitric, acetic, 
and oxalic acids (|). 

' If ammonium chloride is present it is necessary to avoid boiling 
or long -continued lieating, as the carbonate is thereby redissolved to 
some extent. 
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To a solution of disodium phosphate add barium 
chloride until the alkaline reaction of the phosphate 
disappears {X) ; what is the appearance of the precipi- 
tate? Determine its solubility in acids, including 
acetic acid ; allow some of it to stand in contact with 
the mother liquid fifteen or twenty minutes ; note any 
change which takes place in the physical properties of 
the precipitate. 

STRONTIUM. 

Eeaotions of the Solid. — Make the flame test for 
strontium salts, using the chloride {%) ; will the sul- 
phate or carbonate give equally good results ? Explain. 
Determine the stability upon heating, as in the case 
of barium salts. 

Test the solubility of strontium salts (chloride, ni- 
trate) in alcohol and in a mixture of alcohol and 
ether iX) I pour a little of the alcoholic extract in an 
evaporating-dish and set fire to the alcohol (^). 

Beaotions in Solution. — Use the chloride. 

Treat the solution with sodium and ammonium car- 
bonate respectively (%) ; solubility in water and in di- 
lute acids (^). Boil some of the precipitate with a solu- 
tion of sodium sulphate ; has it been converted into 
the sulphate? Give proofs. 

To a cold solution of a strontium salt add dilute 
hydrochloric acid to slightly acid reaction, and then 
dilute sulphuric acid {X) ; describe the precipitate ; 
allow it to stand some time in contact with the 
liquid iX). To a portion of the precipitate add am- 
monium carbonate and allow to stand about twelve 
liours ; what change has taken place ? To another 
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portion add a mixture of sodium carbonate and sodium 
sulphate and boil for thirty minutes; what is ob- 
tained ? Determine the solubility of strontium sul- 
phate by diluting the strontium chloride with increas- 
ing amounts of water before the addition of the 
sulphuric acid {X). 

Test the behayior of strontium salts when treated 
with alkaline chromates and dichromates respec- 
tively iX) ; also the latter in the presence of sodium 
acetate (t) ; compare with barium. If a precipitate is 
obtained in either case, boil it with sodium carbonate 
and prove that it has been transformed into the car- 
bonate iX). 

Add to a strontium solution some oxalic acid (^), 
filter and to the filtrate add ammonia until the reaction 
is neutral or slightly alkaline {%) ; explain. Bepeat 
the above, using ammonium oxalate instead of oxalic 
acid iX) i T^oi^ any difierences in the two cases. 

Disodium phosphate gives with strontium salts a 
voluminous white precipitate, which on standing be- 
comes crystalline (^). Determine its solubility in 
acids, including acetic acid {%). 

CALCIUM. 

Beactions of the Solid. — Describe the flame test for 
calcium. Try the solubility of calcium salts (chloride, 
nitrate) in alcohol and in a mixture of alcohol and 
ether (X) ; compare with barium and strontium. 

Beactions in Solution. — Use the chloride. 

To a cold solution add sodium carbonate in suffi- 
cient quantity for complete precipitation (^) ; filter at 
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once and wash thoroaglilj to remove any sodiam car* 
bonate which may be present {X) > ^^J ^^^ reaction of 
the moist precipitate on litmns paper (^). Bepeat the 
above, using a slight excess of sodium carbonate, heat 
the precipitate in contact with the liquid, filter, wash 
and again test as before (^)/ 

In dilute solutions of calcium salts sulphuric acid 
produces no precipitate (t). Try the test with concen- 
trated solutions iX) ; test the solubility of this precip- 
itate in water, dilute acids and in hot concentrated am- 
monium sulphate {X), Treat some of the precipitate 
with ammonium carbonate and allow to stand for 
twelve hours (^). Boil some for thirty minutes with a 
mixture of sodium sulphate and sodium carbonate (^). 

To a moderately dilute solution add oxalic acid 
or ammonium oxalate (^). Try the solubility of the 
precipitate in water, dilute mineral acids and in acetie 
and oxalic acids (^). Compare with barium and stron* 
tium. 

Mix calcium oxalate with solutions of neutral 
chlorides or nitrates of the heavy metals (copper chio* 
ride, silver nitrate, lead nitrate, etc.) and allow to stand 
in a warm place for an hour ; filter and test the filtrate 
for calcium (J). 

Heat the dried calcium oxalate in a crucible for 
some time (thirty minutes) (t). 

What is observed on treating calcium salts with 
potassium dichromate ? on adding sodium acetate ta 

' The two reactions given here are intended to illustrate the differ- 
ence in the soluhility of the amorphous and crystalline modifica- 
tions of calcium carbonate. The amorphous variety, being slightly 
soluble in water, gives an alkaline reaction. It is evident that all 
sodium carbonate must be washed out before testing for alkalinity. 
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GROUP III.— METAM WHOSE SULPHIDES OR HYDROX- 
IDES ARE INSOLUBLE IN WATER, BUT ARE SOLUBLE ^ 
IN COLD DILUTE ACIDS. 

The group inclades the metals Aluminium, Ohro- 
mium. Iron, Manganese, Zinc, Cobalt and Nickel. 

The general group reagent is ammonium sulphide, 
which throws out the sulphides of cobalt, nickel, man- 
ganese, zinc and ferrous iron, and the hydroxides of 
aluminium and chromium, while ferric iron is first 
reduced to the ferrous condition and then precipitated 
as sulphide. 

Since the group embraces a number of metals of 
somewhat different characteristics, for purposes of 
analytical classification they are best arranged in sub- 
divisions as follows : 

Division A. — Aluminium^ Chromium and Ferric Iron. 

The characteristics of the division are : weak basic 
action ; the salts of the weak acids, e.g. carbonic, hy- 
drosulphuric, acetic, hydrocyanic, etc., throw out 
hydroxides or basic salts of these metals ; they are 
therefore precipitated as hydroxides by treatment 
with barium carbonate, or (with the exception of 
chromium) as basic salts, by boiling with sodium 
acetate. 

18 
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Division B. — Manganese, Zinc and Ferrous Iron. ^ 

Cliaracterized by the tendency to form double salts 
with ammoniam compounds ; are precipitated as sul- 
phides by ammonium sulphide, which precipitates are 
easily soluble in dilute acids. Carbonates and acetates 
do not act as with Division A. 

Division C. — Cobalt and Nickd. 

The presence of rather small quantities of dilute 
acids will prevent the precipitation of these by hydro- 
gen sulphide, but their sulphides are but slightly 
soluble in dilute acids after precipitation. 

ALUMINIUM. 

Eeaotions of the Solid. — Heat aluminium sulphate or 
chloride in an ignition-tube ; test the escaping gas with 
moistened litmus paper (^). Heat some of the salt on 
charcoal before the blowpipe (^); moisten the mass 
with a few drops of a solution of cobalt nitrate and 
again heat sharply ; color of the mass (^). 

Eeaotions in Solution. — Use the sidphxte or chloride, 

Reaction of the solution upon litmus (^) ; explain. 
Treated with ammonium hydroxide, a precipitate is 
obtained iX) \ ^^^ ^^^ solubility in excess of the reagent, 
in ammonium salts, in dilute acids and in alkaline 
hydroxides (J). 

Add sodium hydroxide to the solution {%) ; behavior 
in excess of the reagent (%) ) ^^ ^^^s changed upon boil- 
ing? Try the effect of ammonium salts (e.g., the 
chloride) upon the solution produced by the addition 
of the sodium hydroxide (^) ; boil this solution {%), 
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In the above cases add some organic acid (e.g., tar- 
taric, oxalic, citric, etc.) to tlie solution before treating 
with the alkali {%) ! i^om, the result noted what conclu- 
sions may be drawn as to the precautions necessary 
to insure complete precipitation of aluminium as 
hydroxide ? 

To the solution add ammonium or sodium car- 
bonate iX) ; is the precipitate soluble in excess of the 
reagent, in alkalies, in dilute acids ? 

To a cold solution of aluminium chloride (why not 
the sulphate ?) add freshly precipitated barium car- 
bonate,* allow to stand an hour and examine the com- 
position of the precipitate {%) ; determine the com- 
pleteness of the precipitation {%), If not complete, 
allow to stand in contact with the barium carbonate 
for twelve hours with occasional stirring, then filter 
and test the filtrate for aluminium {%). 

Pass hydrogen sulphide into the solution {%). Re- 
peat, using a solution of ammonium sulphide iX) ; what 
is the composition of the precipitate ? 

Neutralize a solution of aluminium sulphate by add- 
ing sodium carbonate until a faint permanent precipi- 
tate appears, filter, add sodium acetate in slight 
exceds, dilute with water and boil the solution (t), 
filter hot and test the filtrate for aluminium (^). 

Add disodium phosphate in small amount to the 



1 The barinm carbonate nsed abould be freshly prepared. This 
can be best done by treating barium chloride with ammonium car- 
bonate, filtering and washing by decantation until the precipitate 
is free from chlorides. Place tbe barium carbonate thus prepared in 
a flask, add water and shake until a cream is formed ; use this for 
the precipitation. 
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aluminium solution {X) \ ^^^^ ^^® solubility in ammo- 
nium hydroxide, sodium hydroxide, acetic acid, and in 
dilute mineral acids {X), Would it be possible to re- 
precipitate from this latter solution by using sodium 
acetate ? 

CHROMIUM. 

Eeaotions of the Solid. — Prepare a bead of borax or of 
microcosmic salt by fusing in the loop of a platinum 
wire ; while still hot touch it to a small quantity (about 
the size of a pin-point) of a chromium salt and then 
heat to fusion, using first the oxidizing and then the 
reducing flame of the burner ; note the color imparted 
to the bead in each case (^). 

Fuse on platinum foil or in a small crucible a mix- 
ture of the following: Sodium carbonate two parts, 
potassium nitrate one part, and one part of chromium 
salt (^). What proof can be furnished as to the pro- 
duct of the reaction ? 

Eeaotions in Solution. — Use the sulphate or chloride. 

Treat the solution with ammonium hydroxide (X) 9 
solubility in excess of the reagent {X). Is the precipi- 
tate soluble in acids? Kepeat the above, using 
sodium hydrate (t). Is the precipitate soluble in ex- 
cess of the reagent ? Treat a portion of this last with 
ammonium chloride solution {X) l ^^^1 another por- 
tion for some time (^). Is this last precipitate (after 
cooling) again soluble in excess of sodium hydrate ? 

Make a mixture of a chromium and zinc salt in so- 
lution, then treat as before in the cold with sodium 
hydroxide in excess, filter, wash the precipitate and 
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determine the presence or absence of chromium in it 
by the bead test (Xy 

Add freshly precipitated barinm carbonate (chro- 
mium chloride should be used for this test), set aside 
without heating for twelve hours ; filter and test the 
filtrate for chromium (^). 

What is formed on treating the solution with hydro- 
gen sulphide ? with ammonium sulphide ? Solubility 
in acids (t). 

Add sodium acetate in slight excess to the chromium 
solution, dilute and boil {%) > compare with aluminium. 

Make some chromium hydroxide by the first method 
given ; allow to settle and pour off as much of the 
liquid as possible. To the precipitate add concen- 
trated nitric acid and heat, and to the hot solution add 
amaiH pieces of potassium chlorate (this should be done 
under the hood) ; continue until the solution becomes 
brown. Explain. Pour a little of this solution into 
water, neutralize with ammonium carbonate and test 
with solutions of barium chloride, lead acetate, silver 
nitrate, etc. (^). Eepeat, by shaking the chromium 
hydroxide up with a little water, adding sodium per- 
oxide and heating (^). Make tests as before (t). 

Eeactions for Chromic Acid. — Use potassium chromaiej' 

1 This sbows that little reliance can be placed upon the eolubiiity of 
chromium hydroxide in sodium hydroxide for purposes of sep- 
aration, since here both the chromium and zinc hydroxides should be 
soluble, as they are, when treated separately with excess of sodium 
hydroxide, yet when mixed tbey do not go completely into solution. It 
is impossible to separate chromium from other metals by this means. 

* These are given here instead of under the acids, because they 
must of necessity be studied in connection with the basic properties 
of the metal, both being used for its characterization. 
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To separate portions of the cliromate add solutions 
of barium chloride, lead nitrate, mercurous nitrate, 
bismuth nitrate, and silver nitrate, respectively (X). 
Test the solubilities of these precipitates in acids and 
in alkalies (:t^). 

The chromates are good oxidizing agents ; the foL 
lowing reactions show this : Treat a concentrated solu- 
tion with concentrated hydrochloric acid, boil and then 
add alcohol; odor (J), color (J), reaction (J). Pass hydro- 
gen sulphide into an acidulated solution of a chromate 
or dichromate {X)\ repeat, using ammonium sulphide {%). 
Would chromium if present originally only in the form 
of chromic acid or a chromate be also found as a base 
during the qualitative separation ? Explain. 



moN. 

Ferric Salts, 

Beaotions of the Solid. — Heat portions of the chloride 
or sulphate in ignition-tubes iX) I ^^^^ ^^ escaping gas 
with moistened litmus paper (t). Kepeat, using a cru- 
cible instead of the ignition-tube, heating to the high- 
est attainable temperature with the burner ; is the 
residue readily soluble in acids ? 

Heat some of the salt in a borax or microcosmio 
salt bead, using both the oxidizing and reducing 
flames {%). 

Eeactions in Solution. — Use the cMoride. 

Add, with constant shaking, sodium carbonate until 
a slight permanent precipitate is obtained, filter and 
use the solution, now free from uncombined acids, for 
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the following tests : To separate portions of the solu- 
tion add sodium hydroxide and ammonium hydrox- 
ide iX) ; solubility in excess of the reagent and in dilute 
acids {X)' ^^7 what effect the presence of organic 
acids (e.g. tartaric, oxalic, etc.) has on the above pre- 
cipitation (^). Filter off some of the precipitate, wash 
with hot water, then place the filter and precipitate 
together in a crucible, heat gently until the precipi-^ 
tate is dry, then raise the temperature gradually until 
the paper is burned and finally heat for fifteen or 
twenty minutes at as high a temperature as possible 
using the blast-lamp {%); determine the solubility of the 
ignited precipitate in acids, dilute and concentrated {X). 

Add freshly precipitated barium carbonate (^); 
allow to stand twelve hours, filter and test the filtrate 
for iron (J). 

Pass hydrogen sulphide into the solution {X) ; ^^^ 
ammonium hydroxide (^). Treat some of the solution 
with ammonium sulphide {X) I distinction from alu- 
minium and chromium. 

To the neutral solution add sodium acetate in ex- 
cess and a few drops of acetic acid {X) ; dilute largely 
with water, boil and filter hot {X) '» ^^^ ^^^ filtrate for 
iron {X)> Compare with aluminium and chromium. 
Bepeat the above, using very little of the ferric chlo- 
ride, but with the addition of a few drops of disodium 
phosphate ; test the filtrate, after boiling and filtering 
as before, for iron and phosphoric acid {X). Could 
phosphoric acid or a soluble phosphate be removed 
from the solution by this means ? 

To separate portions of the iron solution add 
potassium sulphocyanate, potassium ferrocyanide, 



IRON. 25 

and potassium ferricyanide (t). To a few cubic cen- 
timeters of a very dilute solution of the first add a 
little ether and shake (^), then add cautiously — drop 
by drop — potassium ferrocyanide, shaking after each 
addition (^). To separate portions of the second add 
hydrochloric acid and sodium hydroxide and heat (X) \ 
solubilities (^). 

Try the action of reducing agents — e.g. zinc and 
hydrochloric acid, stannous chloride, sodium sul- 
phite, sodium thiosulphate, potassium iodide, etc. — 
on the solution {%). After the action in each case test 
for ferric salts {X). 

Outline a method for the separation and detection 
of aluminium^ chromium and iron and determine its 
efficiency. 

Ferrous Salts. 

Beaotions of the Solid. — Make the bead test, using 
ferrous saltis (sulphate, chloride) {X), Heat crystal- 
lized ferrous sulphate in a porcelain crucible at a 
moderate temperature (^), then ignite at a high tem- 
perature {X) ; ^st the escaping gases with moistened 
litmus paper. 

Eeactions in Solution. — ^Prepare a solution for use as 
follows: Treat iron turnings or filings with dilute 
hydrochloric acid and heat to boiling. When the 
action has nearly ceased cork the vessel and use 
without filtering, by decanting the liquid as needed 
from the undissolved filings. 

Treat with sodium hydroxide and ammonium hy- 
droxide respectively {X) ; allow one portion of each to 
stand {X) ; test the solubility of the other portion in 
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excess of the reagent iX) ; effect of heat npon this {%). 
Bepeat the above, adding iu each case ammonium 
chloride before treating with the alkalies {%). 

Try the reaction of carbonates, including barium 
carbonate, upon the solution (^) ; compare with ferric 
salts. 

Pass hydrogen sulphide into the nearly neutral 
solution (X) ; into the acid solution {%). Add ammo- 
nium sulphide {%) ; determine the completeness of the 
precipitation, also what effect the previous addition 
of ammonium chloride has upon this (^). Allow the 
precipitate to stand iX) > ^^^ ^^^ solubility in acids and 
in alkalies (^). 

Test portions of the solution with potassium sul* 
phocyanate, potassium ferrocyanide and potassium 
ferricyanide ; note any difference in behavior as com- 
pared with ferric compounds {%). Allow the ferro> 
cyanide precipitate to stand exposed to the air for an 
hour or so (J). Explain. 

Add sodium acetate in excess, dilute and boil {%). 
Add oxalic acid to a solution of the ferrous salt (^) ; 
filter, wash and dry the precipitate, transfer it to a 
porcelain crucible and heat (t). 

The following reactions illustrate the oxidation of 
ferrous salts. Boil a neutral solution of ferrous sul- 
phate iXy Add concentrated nitric acid to the solu- 
tion and boil {%). Add concentrated hydrochloric 
acid, heat, then add two or three small crystals of 
potassium chlorate (t). Acidify the solution, then 
add potassium permanganate, a little at a time, until 
a faint permanent coloration is obtained (t). Prove 
that a ferric salt is formed in each case. 
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From the reactions stadied bow could both ferric 
and ferrous compounds be detected when together in 
solution ? How could they be separated ? 

MANGANESE. 

Beaotions of the Solid. — Make the bead test for man- 
ganese, using both the oxidizing and the reducing 
flame (t). 

Mix some manganese salt with a little dry sodium 
carbonate or hydrate and potassium nitrate, fuse the 
mixture on platinum foil (t). Dissolve the fused 
mass in water, add acetic acid in slight excess and 
heat to boiling {%). 

Beactions in Solution. — Use the snlpJuxte or chloride. 

Add sodium hydroxide {X) ; divide the precipitate 
into two parts; to one add ammonium chloride in 
excess (^), let the other stand exposed to the air {X) l 
after the change has taken place in the latter case, 
add oxalic acid (^). What change is observed ? What 
takes place on heating the mixture ? 

Add ammonium hydroxide to neutral and acid 
solutions respectively {X) I allow both to stand {X). 
Explain. 

Treat with sodium and ammonium carbonate re- 
spectively, varying the conditions as above (J). Try 
the effect of hydrogen sulphide upon the manganese 
salt solution (^). Treat with ammonium sulphide in 
slight excess (X) ; filter, does the filtrate contain man- 
ganese? Try the solubility of the precipitate in 
ammonia, ammonium chloride, and in dilute acids, 
including acetic acid {X) (^^^ precipitation of man- 



28 THE METALLIC OR BA8EF0RMING ELEMENTS. 

ganese as sulphide is not complete unless ammonium 
chloride is present ; prove this). 

To the solution add ammonium chloride, ammo- 
nium hydroxide and disodium phosphate (t) (cf. mag- 
nesium) ; change on standing (^). 

Treat about a gram of minium (PbsOJ in a test- 
tube with twice its volume of nitric acid, specific 
gravity 1.20-1.30, and heat nearly to boiling ; add two 
or three drops of a very dilute solution of a man- 
ganous salt; let the mixture stand until the solid 
matter has settled {%) (the presence of chlorine or 
of chlorides is to be avoided in making this test, 
though if quite dilute the reaction will take place 
sufficiently to give the characteristic color). 

ZINC. 

Beactions of the Solid. — Heat a zinc salt (chloride or 
sulphate) in a porcelain crucible at a moderately high 
temperature {%) \ ^^^ ^^^ escaping gas with moistened 
litmus paper (^). Heat some of the salt on charcoal, 
using the blowpipe ; note the color of the mass while 
hot and upon cooling (|). Moisten the residue with a 
few drops of cobalt nitrate solution and again heat (^). 

Eeactions in Solution. — Use the stdphate. 

Treat the solution with sodium hydroxide (|) ; add 
the reagent in excess {X) ; does any change take place 
upon boiling ? Bepeat, using ammonium hydroxide (t). 
Note any difference between zinc, aluminium and 
chromium when treated in the manner above de- 
scribed. Try the solubility of the above precipitates 
in ammonium chloride (|). 
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Add sodium carbonate and ammonium carbonate re- 
spectively (t), then an excess of each (t). Does ammo- 
nium chloride prevent the precipitation in these cases ? 

Treat the solution with hydrogen sulphide and 
ammonium sulphide respectively (%) ; test the solubil- 
ity of the precipitate obtained in ammonium chloride, 
in potassium cyanide and in dilute acids, including 
acetic acid iX), Add sodium acetate to a solution of a 
zinc salt, then pass hydrogen sulphide into the solu- 
tion (X). 

Prepare a plan for separating and distinguishing be- 
tioeen fernms iron^ manganese and zinc^ and prove its 
efficiency. 

NICKEL AND CABOLT. 

Note.— The reactions of nickel and cobalt are so similar in charac- 
ter that it is thought the slight differences observed between them 
will be best brought out by considering them together. The student 
is directed, unless otherwise stated in the following cases, to treat 
the cobalt and nickel solutions alike, noting any differences in be- 
havior. 

Beactions of the Solid. — ^What effect has heat upon 
the salts of nickel and cobalt ? Make the bead test 
for both salts, noting any differences shown in the 
oxidizing and reducing flame (X). 

Eeactions of the Solution. — Use the cMorides, nitrates or 
stdphates. 

Treat with sodium hydroxide (|) ; try the solubility 
in ammonium salts and dilute acids (^). Try the action 
of an excess of the alkali, also the action of heat (X). 
Repeat, using ammonium hydroxide {X) ; add excess of 
the reagent (^). Does sodium hydroxide throw down a 
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precipitate from these solutions ? Try the behayior of 
the carbonate under similar conditions (j:). 

Pass hydrogen sulphide into neutral and acid solu- 
tions of nickel and cobalt salts (j:). Treat with am- 
monium chloride and ammonium sulphide in slight 
excess, place in a stoppered flask, allow to stand a 
half-hour with occasional shaking (j:), filter and wash 
the precipitate/ Test the solubility of the precipitate 
in dilute and concentrated acids and in aqua regia (j:). 

(Poison. — Use the hood.) Add potassium cyanide, at 
first in small quantity ( j:), then in just sufficient excess 
to effect solution {X) » treat a portion of the cold solu- 
tion thus obtained with hydrochloric acid (j:); to an- 
other portion add two or three drops of dilute hy- 
drochloric acid and digest warm for fifteen or twenty 
minutes ; cool and again treat with acid {X). Note any 
difference in the behavior of nickel and cobalt. Ex- 
plain. 

Add just sufficient excess of potassium cyanide to 
redissolye the precipitate first formed, then add a 
little sodium hydroxide and bromine water until the 
solution shows the color of the bromine ; allow the 
solution to stand for a few minutes (X). 

Acidify with acetic acid, add potassium nitrite in 
excess, warm to 30° — 40° C. and allow the solution to 
stand (X). 

To the solutions add a few drops of a saturated solu- 
tion of alum, neutralize with ammonium hydroxide, 
add potassium ferricyanide, and shake (X) ; to the pre- 
cipitate add strong ammonium hydroxide {XV 

* The sulpLide of nickel is somewLat soluble in anunontum sul- 
phide, imparting a daric color to the filtrate ; the use of potaasium 
sulphide ayoids this. 

* See Browning and Hartwell, Chemical News, 82» 208. 
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Prepare a ^cJietme/or the ^fparaiiim and drieciion qfaC 
iKe ba$e$ </ yrvmp III; Icil its appHcabUiiif by ike use <^ 
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DIVISION n. 

METALS WHOSE SULPHIDES ABE INSOL- 
UBLE IN DILUTE ACIDS. 

GROUPS IV AND VI.— METALS WHOSE SULPHIDES ARE 
INSOLUBLE IN WATER, IN DILUTE ACIDS AND IN 
THE ALKALINE SULPHIDES; AND (GROUP VI) 
WHOSE CHLORIDES ARE INSOLUBLE IN WATER, 

The metals which fall under the classification given 
above are Mercury, Lead, Silver, Copper, Cadmium 
and Bismuth: their properties are so various and 
di£fer so markedly from each other (being different 
for the same element in its several states of valence) 
that several methods of classification and separation 
suggest themselves. They possess however in com- 
mon the property of being precipitated as sulphides 
in an acid solution by hydrogen sulphide, which there- 
fore constitutes the group reagent. Since, however, 
the same reagent precipitates the salts of other metals 
under similar conditions a further distinction is made, 
bas^d upon the insolubility of the sulphides of these, 
and the solubility of the sulphides of the others (see 
group Y), in the sulphides of the alkalies (the sulphides 
of copper and mercury are however somewhat soluble). 
The salts of two of these (mercury, bismuth) are more 
or less easily decomposed by water, forming basic com- 
pounds; and of all (less readily in the case of the 

halogen salts) are quite generally decomposed by 

82 
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heat, yielding either an oxide of the metal or the 
metal itself (in the case of mercury). 

The three elements constituting group YI, silver, 
lead and univalent mercury, while in general exhibit* 
ing properties similar to those of the other metals 
here mentioned, differ in that their halogen salts are 
practically insoluble in water. This difference is for 
the sake of convenience utilized for purposes of sep- 
aration, thus constituting a separate group — ^known 
usually as the hydrochloric acid group, that acid being 
used as the group reagent. Because of the fact that 
lead is not completely separated as the chloride, and 
that both silver and mercury exhibit analogies to the 
members of group lY, a separate consideration of 
these metals under the group designation seems inad* 
visable. 

MERCURY.'^ ^ 

Beaotions of the Solid. — Test the solubility of the 
metal in acids, dilute and concentrated, hot and 
cold (X)' Determine the solubility of the mercurous 
and mercuric salts in water, alcohol and dilute 
acids {%), Determine the stability of the salts when 
heated (use the chlorides, nitrates, sulphates, oxides, 
etc.) (]:); repeat, after mixing the salts with dry sodium 
carbonate (j:). 

Mercuric Compounds. 

BeactioBB in Solution. — Use the nitrate or chloride. 

Treat with sodium hydroxide (J) ; solubility in ex- 
cess of reagent and in acids (X). Bepeat, using ammo- 
nium hydroxide, also ammonium carbonate (j:). 
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Pass hydrogen sulphide into the solution iX) \ T^oi^ 
change in color on continued action of the hydrogen 
sulphide Q)/ Determine the influence of acids, both 
concentrated and dilute, upon the completeness of the 
precipitation (t) ; test the solubility of the precipitate 
in hot and cold acid, in aqua regia and in potassium 
cyanide (J). 

What is obserred on treating the solution with 
potassium iodide ? Solubility in excess of each of the 
reagents (j:), in water and in alcohol Q). 

Hercttrotts Compounds. 

BeactioBB in Solution. — Use the nitrate. 

Add sodium hydroxide (it)* warm gently {X)- Bepeat, 
using ammonium hydroxide, also ammonium carbon- 
ate (X) ; action of an excess of the precipitant (|) ; sol- 
ubility in acids {%). 

Pass hydrogen sulphide into the solution {%) ; boil 
with dilute nitric acid, also with aqua regia iX)* 

Treat with dilute hydrochloric acid or a soluble chlo- 
ride (X) ; ^^7 ^^ solubility of the precipitate in water, 
in dilute acid, in ammonia, and in hot nitric acid (:()• 

To separate portions of the solution add potassium 
iodide, potassium chromate, potassium dichromate 
and potassium cyanide (j:). In each case determine the 
solubility in excess of the precipitant, in acids and in 
alkalies. 

Treat solutions of mercuric and mercurous salts 
respectively with stannous chloride {X)\ e£fect of an 
excess of the stannous chloride and warming {%). 

1 This precipitate is somewhat solabie in alkaline Bulpbidea, from 
which solution the mercuric sulphide maj be precipitated bj the 
addition of ammonium chloride. 
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How can mercuric and mercurons salts be distin- 
guished and separated when both are present ? 

LEAD. 

Reactions of the Solid. — Heat the higher oxides of 
lead (Pb,0^ , l^l>0,) to a moderately high temperature ; 
into what are they converted ? 

Heat lead salts (nitrate, carbonate) in an ignition- 
tube {%) ; what gases are given off ? Mix with sodium 
carbonate and repeat, heating on charcoal, using the 
blowpipe (X) \ character of button and color of in- 
crustation (t). 

Keactions in Solution. — Use the nitrate or acetate. 

Add sodium hydroxide (X)\ effect of an excess of the 
reagent (:t)- Does ammonium hydroxide act simi- 
larly? 

What is the effect of alkaline carbonates upon lead 
salts ? Try the solubility of the precipitate in alkalies 
and in acids {%). 

Pass hydrogen sulphide into the solution iX) ; solu- 
bility in alkalies and in acids (:()• 

Treat with dilute hydrochloric acid (j:); pour off the 
liquid, add water in considerable excess and boil (j:) ; 
filter and allow the filtrate to cool {X) y ^^ ^^^ precipi- 
tate soluble in alkalies and in ammonia ? Bepeat the 
above, using sulphuric acid (j:) ; try the solubility as 
before (]:), also in boiling ammonium acetate ' and am- 
monium tartrate solution (%) ; pass hydrogen sulphide 
into these (:t)- 

1 J. C. Long, AfMT. Ohem. Jour,, 22, 217, hu obflerred that the 
best concentration for the ammonium acetate is a 88^ solution, using 
about 10 cc. for each gram of PbSO«. 
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Add potassium iodide iX) ; treat the precipitate "with 
A little acetio acid, dilute largely with water and 
boil (it)- What is observed on cooling the solution ? 

Treat with potassium chromate {X) ! ^ ^^^ portion of 
the precipitate add sodium hydroxide in excess iX) ; to 
another add a small amount of sodium hydrate or ammo- 
nium hydrate and warm ( j:) ; to a third portion add di- 
lute nitric acid and heat (^). 

SILVER. 

Keactions of the Solid. — Heat a small piece of silver 
nitrate mixed with sodium carbonate on charcoal 
before the blowpipe {%) ; compare the button obtained 
with others studied, also determine its solubility in 
nitric acid {%), 

Beactions in Solution. — Use the nitrate. 

Treat with sodium hydroxide, very dilute ammo- 
nium hydroxide and ammonium carbonate respect- 
ively {X)\ solubility in excess (j:). Does the presence of 
an acid affect the precipitation in any of the preced- 
ing cases ? Explain. 

Treat with hydrochloric acid {X) ; separate into two 
parts ; filter one and allow the precipitate to stand ex- 
posed to the light (X) ; treat the other with ammonia 
in excess {%)' Effect of dilute nitric acid when added in 
excess to the ammoniacal solution (j:) 

Perform the same operation, using solutions of po- 
tassium bromide, potassium iodide and potassium 
cyanide respectively, instead of the hydrochloric 
acid (X). 

Pass hydrogen sulphide into the solution ({) ; solu- 
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bilitj in alkalies, alkaline sulphides, ammonia, potas- 
sium cyanide, and in acids (j:). 

Determine the action of disodium phosphate, po- 
tassium chromate, and potassium dichromate respect- 
ively on silver salts (J) ; solubilities (J). 

Redvction Beactions, — Treat the solution with ferrous 
sulphate, sodium sulphite, sodium thiosulphate, and 
sodium phosphite respectively {X). In cases where no 
reaction is observed boil the solution. 

Prepare a plan for the separation of silver^ lead and 
mercurotis aalta.^ — Group VL 

COPPER. 

Keactions of the Solid. — Try the solubility of the metal 
in concentrated and in dilute acids, both cold and 
hot it). 

Heat a copper salt mixed with sodium carbonate 
on charcoal in the reducing flame (j:). Make the 
flame * and bead tests for copper {X). 

Beaotions in Solution. — Use the stUphate, 

Upon adding sodium hydroxide a precipitate is ob- 
tained {X) » &dd excess of the alkali and boil (j:). 

> Attention is called to tLe fact that where ammonia is used to 
effect the separation of the chlorides of siWer and of mercurj, fre- 
quently considerable amounts of undissolyed silver chloride are held 
back by the black mercurous compound formed. Sometimes, where 
siWer is present in small amount, on account of this action, it may en- 
tirely escape detection. For the mode of procedure in such cases see 
Comptes Rendus, 130, 248; Wells' Qualitatiye Analysis, first edition, 
page 7, or Fresenius' Qualitatiye Analysis (1897), page 285. 

' The flame test for copper yaries with the salt, the halogen salts 
imparting a different color to the flame from that shown by salts of 
the other acids. See Newth's Manual of Chemical Analysis (1898), 
page 84. 
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To a solution of copper sulphate add a slight excess 
of tartaric acid, then sodium hydroxide (j:); to this add 
a small amount of dextrose and boilXt). Explain the 
application of this reaction in the examination of 
sugars and in urine analysis. 

Treat with ammonium hydroxide, added yery cau- 
tiously iX) ; effect of excess of ammonia (j:). Add potas- 
sium cyanide to this (]:); can the presence of copper in 
the latter solution be readily detected ? 

Try the action of both sodium and ammonium car- 
bonate upon copper salts (j:). 

Pass hydrogen sulphide into a dilute acid solution 
of the salt (^) ; solubility in hot and cold acids, in 
potassium cyanide, in alkalies, and in alkaline sul- 
phides (t). 

Treat with potassium cyanide iX) ; an excess of the 
cyanide produces what change ? Pass hydrogen sul- 
phide into this solution (j:). 

Treat with potassium ferrocyanide (]:) ; try the solu- 
bility in acids and in alkalies ( j:). Determine the sen- 
sitiveness of the ferrocyanide reaction by using very 
dilute solutions of the copper salt (t); ' compare with 
the ammonia reaction as regards sensitiveness. 

Add potassium iodide in slight excess (:t)> then add 
sodium thiosulphate until the color is destroyed iX) \ 
can the copper be entirely precipitated in this way? 

CADHIUH. 

Beaotions of the Solid. — Heat a cadmium salt mixed 
with sodium carbonate on charcoal ; is a button ob- 
tained ? Describe the color of the incrustation ({). 

> This can be done verj readily bj bringing a drop of each apon % 
porcelain plate and allowing tliem to mix, noting the color prodaced* 
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Reactions in Solution. — Use the sulphate or chloride. 

Treat with sodium hydroxide {%) \ solubility in excess 
of the alkali and in acids {X). 

Bepeaty using ammonium hydroxide (t) ; solubility in 
excess (j:) ; does sodium hydroxide reprecipitate the 
cadmium from this solution ? 

Try the action of alkaline carbonates on cadmium 
salts (t). 

Pass hydrogen sulphide into the solution (j:); solu- 
bility of the precipitate in ammonium hydroxide, in 
ammonium sulphide, in potassium cyanide and in 
dilute acids (cold and hot) {%). 

Add potassium cyanide {%) ; an excess of potassium 
cyanide produces what effect? Pass hydrogen sulphide 
into this solution {X) (distinction from copper). 

Treat with potassium iodide (t) ; is iodine liberated ? 
Compare with copper. 

BISMUTH. 

Beaotions of the Solid. — Heat a bismuth salt mixed 
with sodium carbonate on charcoal (t). Compare with 
lead (X) 9 character of the button and incrustation (j:).. 

Test the solubility of bismuth nitrate in water {%) ; 
repeat, first acidifying the water with nitric acid (^). 

Keaotions in Solution. — Use the nitrcUe, 

Pour a solution of the nitrate into a large volume of 
water (X). Treat another portion with sodium chloride,, 
evaporate until most of the free acid has been removed,, 
then pour into water (X) ; filter and test filtrate for bis- 
muth {X). Determine the delicacy of this reaction (|). 

Treat the solution with alkalies and with ammonia(:(); 
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BoluliiliiioH (if tho precipiUtott {tu K«iK.*ut» UHiug the 
alkuliuo carlM>Eiiii4*8 H). 

PiiHs liV(lrop«D Hulphiiltf iuU> the weaklr acul hoIu- 
tiou il) ; S4>lalMUiv of the prucipiute iu aiumoiuuni huI- 
phiilt\ iu potoMiuni cvauiJe aud iu acidH (iuii auJ 

colli) C I. 

Add {K)taH!iiutti dicLrouiaU* *l\; try Iho solubility iu 
uitric acid aud iu sodium iivdroxide (^) ^distiuctiou 
from lead). 

To a small amouui of stAuuouit chloride, add s^Hlium 
Iivdroxide uutil the prtn-ipitatt* fimt formful \t) in din. 
aolvt^d \t), theu add tiie bl»mutli bitrat4« S4>lutiou little 
bv litth* (I) ; dvlicaov of the r^actiou t^'* 

curt/, teiutf <^7V*^'"» cittitnium atml bi^muth^ and drirrminr 
its r^i'trfu'y by txprrimmt. 



GROUP v.— METALS WHOSE SULPHIDES ARE INSOLUBLE 
IN DILUTE ACIDS, BUT DISSOLVE IN THE ALKALINE 
SULPHIDES. 

The metals inclnded in this list are Tin, Antimony, 
Arsenic, Gold and Platinum. They are all precipitated 
by hydrogen snlphide from neutral or weakly acid 
solutions, and their sulphides dissolve on treatment 
with alkaline sulphides (more readily on the addition 
of sulphur), yielding soluble '' thio " salts, in which 
these metals act as acid radicals. The metals gold 
and platinum, however, exhibit properties somewhat 
different from those of tin, antimony and arsenic, 
hence for convenience the group is subdivided as 
follows : 

Division A. — Tin, Antimony ^ Arsenic. 

These metals form stable oxides when ignited, which 
have acid properties; their chlorides do not suffer 
decomposition under similar conditions, but volatilize ; 
their sulphides (with the exception of the sulphides of 
arsenic) are soluble in hot hydrochloric acid. 

Division B. — Oold, Platinum. 

These metals are characterized by the readiness 
with which their salts suffer reduction ; on ignition 
they are decomposed, yielding the metal ; their chlo- 
rides also exhibit this property, decomposing into the 
metal and chlorine ; their sulphides are almost insol- 
uble in hot hydrochloric acid and are not readily sol- 
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nble in the alkaline sulphides, hence they are com- 
monly removed by reduction to the metal. 

TIN. 

BeaotioiiB of the Solid. — Treat the metal with acids 
(e.g., hydrochloric, nitric and sulphuric) dilute and 
concentrated, both in the cold and on heating ; note 
the character of the reaction in each case and deter- 
mine what gases are given off ( j:). 

Heat a compound of tin mixed with sodium carbon- 
ate and potassium cyanide iX) on charcoal, using the 
reducing flame of the blowpipe {%) ; characteristics of 
the button {%) ; color of incrustation {%), Moisten this 
with cobalt nitrate and reheat {X) \ compare with zinc. 

Stannous Salts. 

Beaotions in Solution. — Use the chloride. 

Treat with sodium and ammonium hydroxides re- 
spectively (J); solubility in excess of the precipitant (J). 
Be peat, using the carbonates {%), 

Treat with hydrogen sulphide iX). Determine the 
best conditions for precipitation by using (1) a neu- 
tral solution, (2) a weakly acid solution and (3) a 
strongly acid solution (J). Solubility of the precipi- 
tate in acids cold and hot, in alkalies, in alkaline car- 
bonates, in colorless ammonium sulphide, and in yel- 
low ammonium sulphide {%). Add dilute acid to any 
one of these in which solution occurs (:()• 

Bednction Beaotioni. — Add stannous chloride in small 
quantity, and in excess respectively, to solutions of 
the following substances: ferric chloride, mercuria 
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chloride, copper sulphate, potassium permanganate 
and potassium chromate ; describe what takes place 
in each case and give your method of proof (}). 

To a solution of stannous chloride in sodium hydrate 
add bismuth nitrate {X) (see under bismuth . 

Stannic Salts. 

Beactions in Solution. — Use the chloride. 

Alkalies, alkaline carbonates and ammonia produce 
what effect ? Solubility in excess {%) ; also determine 
the solubility in acids (Xf. 

Treat with hydrogen sulphide and determine the 
solubilities of the precipitate as in the case of stan- 
nous salts iX). 

To the solution (which should be neutral) add re- 
spectively sodium sulphate solution and dilute sul- 
phuric acid {%) (distinction from stannous salts). 

The following reactions are common to both stan- 
nous and stannic salts : Insert slips of zinc into either 
the acid solution, or a solution of the tin salt in excess 
of alkali iX) i determine the solubility in hot dilute 
hydrochloric acid {%) ; if soluble, add a solution of 
mercuric chloride (t). 

ANTIMONY. 

Keaotions of the Solid. — Heat any antimony compound 
in the dry state, mixed with sodium carbonate and 
potassium cyanide on charcoal (j:); compare the button 

1 The precipitate obtained bj treating stannic salts with alkalies 
is similar to that obtained by treating the metal with concentrated 
nitric acid ; the former is known as stannic add (HtSnOs) and the 
latter as meta-stannic acid (HgSnOs),. The solubilities of the latter 
should be compared with those of the former. (See also R. Lorenz, 
Zeitsch. f. Anorc:. Ch.. IX. 369.^ 
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with others which have been obtained {%) ; color of 
incrustation (|). Are the fumes possessed of any char- 
acteristic odor ? Compare with arsenic. 

Antimonious Compounds. 

Beactions in Solution. — Use a solution of the oxide 
{8\0^ or trichloride in hydrochloric acid. 

Pour a small amount of the not too acid solution 
into a considerable quantifcj of water (j:) ; repeat, 
having previously added tartaric acid to the antimony 
solution iX) ; how do bismuth salts behave under simi- 
lar conditions ? 

Treat with alkalies, alkaline carbonates, and ammo- 
nia respectively {X)\ solubility in excess, also in acids (j:). 

Add hydrogen sulphide to the solution (j:) ; deter- 
mine the conditions of complete precipitation (|). 
Solubility of the sulphide in acids (cold and hot); in 
alkalies, in alkaline carbonates, and in both the color- 
less and yellow ammonium sulphide iX) ; effect of 
adding acids to the solutions obtained in any of these 
cases (t). 

Add silver nitrate to an alkaline solution of the 
antimony salt iX) ; treat the product with ammonia 
in excess ; does the precipitate completely dissolve ? 
Treat with potassium iodide and heat (j:). 

Antlmonic Compounds. 

Reactions in Solution. — Use a solution of the pent<u 
chloride in hydrochloric acid. 

Treat with alkalies, alkaline carbonates and ammo- 
nia respectively {%). 
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Pass hydrogen salpbide into the solution {%) ; solu- 
bilities of the precipitate (^). 

Add silver nitrate to a solution of potassium or 
sodium antimoniate {%) ; treat the product with ammo- 
nia (I) ; (distinction from antimonious compounds). 

Treat the solution with potassium iodide and heat {%) 
(distinction from antimonious compounds). 

The following reactions are common to all com- 
pounds of antimony: To an acidified solution add 
zinc and a strip of platinum foil {%) (compare with tin) ; 
treat the deposit with a drop of concentrated nitric 
acid {X\ also determine its solubility in hot dilute 
hydrochloric acid {%) (compare with tin). 

ARSENIC. 

Reaotiont of the Solid. — Heat oxide of arsenic mixed 
with sodium carbonate on charcoal (t) ; note behavior,, 
incrustation and odor of fumes {X) » compare with anti- 
mony. Heat some of the oxide in a dry test-tube {%). 
.Mix some of the arsenic compound with sodium 
carbonate and potassium cyanide (or use a plug of 
charcoal) and heat in a small dry test-tube or ignition- 
tube (t). 

Arsenious Compounds. 

Reaotiont in Solution. — Use a solution of the oxide 
(As^O^) in hydrochloric add. 

Treat the slightly acidulated compound with hydro- 
gen sulphide (X) > ^^^^ ^^^ reaction take place in a neu- 
tral or alkaline solution ?. Test the solubility of the 
precipitate in acids (cold and hot), in alkalies, in 
ammonium carbonate, and in the colorless and yellow 
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iimmoniam sulphides (X) '* action of acid when added 
to those in which solution is effected (^). 

Add copper sulphate (X) \ solubility in ammonia and 
the alkalies {%) ; boil some of the alkaline solution ({). 

Treat a solution of an arsenite (e. g. sodium araenite) 
with silver nitrate {%) ; solubility in nitric acid and in 
ammonia {%) ; can the solution in either be reprecipita- 
ted by adding the other reagent? Boil the ammoni« 
acal solution ({). 

Introduce a strip of clean copper foil into the acidu« 
lated solution and warm {%) ; dry the foil, place it in 
a dry test-tube and heat gently (%). (Beinsch's test.) 

Into an alkaline solution of an arsenite introduce a 
strip of zinc and hold a piece of paper moistened with 
silver nitrate at the mouth of the tube (t). (FleiU 
mann's test.) 

Arsenic Compounds. 

Beaetiont in Solution. — Use sodium araenuUe, 

Acidulate and precipitate with hydrogen sulphide 
iX) ; treat the precipitate as under arsenious com* 
pounds (t). 

Treat with copper sulphate (t) ; solubility in acids 
and in alkalies {X) ; efiect of boiling the alkaline solu- 
tion (I) (compare with arsenites). 

Acidulate slightly with nitric acid then add silver ni- 
trate (I); solubility in nitric acid and ammonia (|) ; boil 
the ammoniacal solution (X) (compare with arsenites). 

To the solution add ammonium chloridei ammonia 
and magnesium sulphate (|) (compare with phos- 
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phono acid); dissolve the precipitate in dilute acid and 
pass hydrogen sulphide into the solution (|). 

Kanh't Test. — (Caution : Use the hood, as the gas is ex- 
tremdy poisonotis.) 

Fit a small flask with a two-hole stopper, provided 
with a funnel-tube and outlet-tube ; connect with a 
piece of moderately hard glass tubing, drawn to a 
point at the end. Put some zinc or aluminum into 
the flask, add sulphuric acid, and when the flask is 
completely filled with hydrogen, light the gas at the 
tip of the pointed tube. Four in a small quantity of 
an arsenic solution; note change of color of the flame(|); 
hold a porcelain dish momentarily in the flame (|) ; 
heat the hard glass tube through which the gas is 
passing (|). Try the solubility of the arsenic spots 
in a solution of bleaching powder, also in concentrated 
hydrochloric and nitric acids (?). Ferform a similar 
experiment with antimony and compare the two. 

Work out a method of separaiionfor tin, antimony and 
arsenic, and determine its accuracy. 



GOLD. 

Use a Solution of the Chloride, — Pass hydrogen sul- 
phide into the solution (^); determine the solubility of 
the precipitate in dilute and concentrated acids (cold 
and hot), in aqua regia, and in both colorless and yel- 
low ammonium sulphides (|). Do acids reprecipitate 
from these* solutions ? 

Treat with a solution of ferrous sulphate (t) ; solu- 
bility of the precipitate (|). To a nearly neutral solu- 
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tion of the chloride (it should be free from nitric acid) 
add oxalic acid and warm (|). 

Prepare a mixture of stannic and stannous chlorides 
and add it to a dilute solution of the chloride of gold 
(X) \ determine the sensitiveness of the reaction. 

Many other reducing agents, potassium nitrite, 
sulphurous acid (on warming), formates, etc., precipi- 
tate metallic gold. 

PLATINUM. 

Use a Solution of HydrocMor-platinic Acid or of Pla^ 
tinic Chloride. — Pass hydrogen sulphide into both cold 
and hot solutions {XY ; determine the solubility of thia 
precipitate, using acids and yellow ammonium sul- 
phide {%), 

Acidify the solution with hydrochloric acid, add 
potassium chloride and excess of alcohol (f); (if crys- 
tals do not readily separate, evaporate the mixture 
before adding the alcohol). Bepeat, using ammonium 
chloride (|). Collect some of the crystals in each case,, 
dry and ignite (|). 

Add ferrous sulphate and boil {X) \ ^l^o stannous 
chloride (t). Treat with potassium nitrite and allow 
to stand for some time (t). 

Try the action of oxalic and sulphurous acids on 
platinum solutions (|). 

How may gold and platinum be separated ? 

* This precipitation ia not complete, and it has a tendency also to 
precipitate other metallic sulphides which are themselves solnble in 
acids, e.g. iron. 



PART II. 



FOJiMIXO KL KMESTS. 



THE NON-METALLIC OB AOID-FORMING 

ELEMENTS. 

Under this designation are included all those ele» 
xnents which are not precipitated by the nsnal reagents 
(hydrogen snlphide, ammonium sulphide, ammonium 
carbonate, etc.). The principal distinction between 
this class and that previously considered lies in the 
fact that their oxides are acidic in character, while the 
oxides of the metallic elements are basic. This dis- 
tinction is not in all cases sharply drawn, and we find 
one set frequently encroaching upon the other (e.g. in 
the case of manganese, chromium, tin, antimony, 
arsenic, etc.). 

The non-metallic elements, though fewer in number 
than the metallic, are much more difficult of classifi- 
cation, since most of them form several acids, with 
widely differing properties ; an attempt, therefore, to 
classify them into distinct groups, based upon their 
analytical reactions, would have the result of placing 
acids derived from the same element into different 
groups. 

A grouping of the acids may, nevertheless, be made, 
based upon their behavior toward certain reagents, 
e.g. silver nitrate, barium chloride, etc., but such a 
grouping will be found to possess little real analytical 
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significance, and is of value chiefly as a means of pre- 
liminary study, for purposes of elimination of certain 
acids. This method of grouping will therefore be 
postponed until a study of those special reactions 
necessary for the identification of the individual acid 
radicals in their various combinations has been made. 
This identification may usually be accomplished with- 
out a previous group separation ; hence, for the pur- 
poses of study, it appears better to arrange the acids 
under the characteristic element in each, and ex- 
amine each independently. We should then have 
(omitting the less commonly occurring acids under 
each head) the following grouping of the more im- 
portant ones : 

The Halogen Acids : 
. a. The Acids of Chlorine: hydrochloric, hypo- 
chlorous, chloric, perchloric. 
6. The Adds of Bromine : hydrobromic, bromic. 

c. The Acids of Iodine : hydriodic, iodic. 

d. The Acids of Fluorine : hydrofluoric, hydrofluo- 

silicic. 

The Acids of Sulphur : hydrosulphurici sulphuric, 
sulphurous, thiosulphuric. 

The Acids of Nitrogen : nitric, nitrous. 

The Gtanogen Acids : hydrocyanic, hydroferrocyanic, 
hydroferricyanic, sulphocyanic. 

The Acids of Phosphorus : ortho-, pyro- and meta- 
phosphoric. 

The Commoner Acids of Carbon : carbonic, acetici ox* 
alic, tartaric, citric. 
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Tri AtiM OP Kiurnx : nilictc. 

The Anim of W^^vu^s : <irtli<>-» meU- aud U«tralKiric. 

MliH'UJaM>u H : l*hit*dj tlioM c<)tn{>«>tttiilii of the bajie* 
forniui^ el«*m«*uU wkich lia\e acid |)ro|K*rti«*a» 
e.^. ohrntnio, arH«*uic, auiiiii«>inc actiU; thoj have 
In»ou c«»UHiilt*nHl tu couiiecticu with ilie luime el«^ 
tu(*nt an a liaiu*, hfiice ikmuI iii»i 1h) uii>re tLau tueu* 
tioutMl here. 
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THE HALOGEN ACIDS : ACIDS OF CHLORINE, ACIDS OF 
BROMINE, ACIDS OF IODINE, ACIDS OF FLUORINE. 

HTDROCHLORIC ACID. 

Heat several chlorides (those of mercury, alnmininm^ 
magnesium, silver, sodium, calcium, and ammonium), 
determine their volatility (|) ; also their solubility in 
water (J). 

Treat any of the above with concentrated sulphuric 
acid and warm (J). What is given off ? How proved? 

Use a Sdvtion of Sodium Chloride. — Add silver 
nitrate in slight excess (X) ; allow the precipitate to 
stand exposed to the light for several minutes (|). 
Test different portions of the precipitate by treat- 
ment with dilute nitric acid, ammonium hydroxide, 
potassium cyanide and sodium thiosulphate, respect- 
ively (t) ; in case the precipitate dissolves, add nitric 
acid to the solution obtained (|). 

Place some of the precipitate in a small porcelain 
crucible ; insert a piece of zinc, and moisten with 
dilute sulphuric acid (?) ; prove that decomposition 
takes place, and that the chlorine passes into solu- 
tion (t). 

Treat some of the solution with lead acetate and 
mercurous nitrate, respectively (%) ; solubility of the 
precipitates in cold and in hot water (|), dilute nitric 
acid (t), ammonium hydroxide (|) and potassium 
cyanide (t). 

To distinguish a chloride from a bromide : mix 
the substance with about twice its weight of potas- 
sium dichromate (both in the solid form) ; place the 
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mixture in a small retort ; add concentrated sulphuric 
acid, and warm ; collect the escaping gases (|) in am- 
monium hydroxide iX) \ i^ote color of the solution (|). 
Acidify the solution slightly with acetic acid, and add 
a solution of lead acetate (t). Show that this is a 
proof that a chloride was originally present. 

Prepare chlorine by heating together manganese 
dioxide and concentrated hydrochloric acid ; pass the 
gas into solutions of ferrous ammonium sulphate, 
indigo, litmus, mercurous chloride and potassium 
iodide. Explain the reaction in each case {%), How 
would you prove free chlorine in the presence of 
hydrochloric acid or of chlorides ? 

HYDROBROMIC ACID. 

Treat some solid potassium bromide with concen- 
trated sulphuric acid (|) (compare with chlorides). 
How is hydrobromic acid prepared ? 

Treat a solution of potassium bromide with silver 
nitrate, lead acetate and mercurous nitrate, respect- 
ively, and examine the precipitate obtained in each 
case as given under chlorides {%). How do they com- 
pare as to solubility with the corresponding chlorides ? 

Heat together in a retort a mixture of a solid bro» 
mide and potassium dichromate, treated with concen- 
trated sulphuric acid {X) ; collect the distillate in 
ammonia (J) (compare with chlorides). 

To a solution of a bromide add a few drops of carbon 
disulphide, then some chlorine water, and shake {X) ; 
continue the addition of chlorine water and the shaking 
until the solution becomes colorless (|). Explain. 
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Prepare bromine by mixing together potassium 
bromide and manganese dioxide, and treating with 
moderately concentrated sulphuric acid; warm, and 
collect the gas in water. Compare its properties with 
those of chlorine. 

HTDRIODIC ACID. 

Heat several iodides (those of potassium, lead, sil- 
ver and bivalent mercury) in ignition-tubes {%). Ex- 
plain. 

Treat some crystals of potassium iodide with con- 
centrated sulphuric acid (f). How is hydriodic acid 
prepared ? 

Use a SdtUion of Potassium Iodide, — Treat with 
silver nitrate (X) » ^^ ^^^ precipitate affected by light? 
Solubility of the precipitate in nitric acid, ammonia, 
potassium cyanide and sodium thiosulphate (f) ; does 
nitric acid reprecipitate silver iodide from any of 
these ? Compare with the bromides and chlorides as 
regards solubility. Will zinc and sulphuric acid ef- 
fect the decomposition of silver iodide ? 

Bepeat, using lead acetate {X) ; solubility in cold and 
in hot water, in acetic and nitric acids, and in sodium 
acetate (t). 

Describe the precipitate obtained with mercurous 
nitrate {X) ; is it soluble in ammonia, hot water, or 
potassium iodide ? 

Add mercuric nitrate until a precipitate is ob- 
tained (I) ; to this add potassium iodide in slight ex- 
cess (I), then sodium hydrate ; appearance of the solu- 
tion (I) ; add to this a few drops of very dilate ammonia 
solution (X) (Nessler's test). 
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To the solution add copper sulphate in excess (X) ; 
color of solution (f) ; add drop by drop sodium thio- 
sulphate until the color just disappears (t) then filter ; 
does the filtrate contain any iodine or iodides ? 

Mix with a little sodium nitrite, then add a few 
drops of starch-paste and some dilute sulphuric 
acid {X)- ^^^i the delicacy of this reaction. 

Add some of the iodide to a solution of ferric chlo- 
ride iX), Proye that the valence of the iron is re^ 
duced. 

Add a few drops of carbon disulphide, then a little 
chlorine water and shake iX) ; add excess of chlorine 
water {%). Kepeat, using bromine water (^). Will 
these reactions take place in the presence of potas- 
sium cyanide ? 

How can chlorides, bromides and iodides be each cZe- 
tected in a mixture containing the three ? 

(For separation of these, see "Analytical Chemis- 
try," by N. Menschutkin, Locke's Translation, p. 229.) 

HYDROFLUORIC ACID. 

Use a Solution of Sodium or Ammonium Fluoride. — 
Treat with barium chloride {%) \ test the solubility of 
the precipitate in dilute acids {%) ; does ammonia re- 
precipitate it ? 

Add calcium chloride (^) ; compare its solubility with 
that of the barium compound (|). 

Treat with lead acetate, silver nitrate and mer- 
curous nitrate, respectively, and compare with the 
other halogen acids (|). 

Mix to a thin paste, in a lead or platinum dish, 
finely ground calcium fluoride (fluor-spar) with con- 
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centrated salpharic acid; cover the dish with a watch- 
glass or glass plate, the under side of which has been 
coated with melted beeswax or paraffine, through 
which a design has been scratched ; allow to stand in 
a warm place for an hour or more. Bemove the cover, 
melt and rub off the wax and note the etching of the 
glass. Give reactions. 

Prepare a mixture as above, but containing in addi- 
tion some silica or ground glass ; put this mixture in a 
test-tube provided with a cork and outlet-tube ; warm 
the test-tube slightly and pass the evolved gas into 
water (|) ; filter the solution thus obtained. What does 
the filtrate contain ? Treat a portion of it with potas- 
sium chloride {%) ; to another portion add barium 
chloride {X) \ ^^ ^^^ precipitate soluble in dilute or con- 
centrated hydrochloric acid ? (Distinguish from 
sulphate.) 

Mix some finely powdered borax with fluor-spar^ 
moisten with concentrated sulphuric acid, and by 
means of the platinum wire insert some of the mixture 
into the Bunsen flame (|). 



HTPOCHLOROUS ACID. 

Use a Solution of Sodium Hypochlorite, — Treat with 
dilute acids (hydrochloric, sulphuric, etc.) (|); com- 
pare with chlorides. Pour a little of each of the 
solutions thus obtained into solutions of litmus, in- 
digo, ferrous sulphate and potassium iodide (|) ; com- 
pare with chlorine water %). 

Treat solutions of manganous salts, lead salts and 
nickel salts respectively with sodium hypochlorite 
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ft 

(I) ; if no action is observed add dilute acid {% . Per- 
form similar experiments with chlorine water and 
compare. 

Acidify the solntion ; add a globule of mercury and 
shake (t). Bepeat the experiment, using chlorine 
water {%). 

Add silver nitrate (%) ; prove that the precipitate is 
silver chloride ; explain the reaction. 

CHLORIC ACID. 

Heat potassium chlorate in an ignition-tube ; what 
gas is given off? 

Treat a very small crystal of the chlorate with con- 
centrated sulphuric acid ; note the color and odor of 
the escaping gas (^); compare with chlorine. Bepeat 
the above, using hydrochloric instead of sulphuric 
acid (t). Color the hydrochloric acid with indigo and 
then add the chlorate (t). 

Add a solution of potassium chlorate to solutions of 
barium chloride, silver nitrate, lead nitrate, indigo 
and litmus, respectively (|) (in the case of the last two 
the solutions should be acidified). 

Treat the chlorate with a solution of silver nitrate 
and then add sulphurous acid (sulphur dioxide in 
water) (J). 

How cotUd you distinguish hettoeen a chloride^ a cMorcUe 
and a hypochlorite ? 
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THE ACIDS OF SULPHUR :—HYDROSULPH URIC, SUL- 
PHURIO, SULPHUROUS, THIOSULPHURIO. 

HYDROSULPHURIC ACID. 

(Hydrogen Sulphide). 

Use a Solution of Potassium or Sodium Sulphide, — 
Treat with silver nitrate {X) ; test the solnbilitj of the 
precipitate in nitric acid, ammonia and potassium 
cyanide (J). 

Add lead acetate {X) ; test the solubility as above (t) 
(this test may be made somewhat more delicate by the 
use of a solution of lead oxide in sodium hydrate in- 
stead of the lead acetate). 

Treat the solution with dilute acids {X) ; hold above 
the mouth of the tube strips of paper moistened with 
solutions of lead acetate, mercurous nitrate and silver 
nitrate respectively (J). 

Bepeat the treatment with acid, passing the gas 
evolved into a solution of ammonia or sodium hy- 
droxide, then add a few drops of a solution of sodium 
nitroprusside (X) > determine the sensitiveness of the 
reaction. 

How would you apply these tests in the case of 
those sulphides which are not decomposable by acids ? 

SULP&URIC ACID. 

Heat the sulphates of sodium, barium, iron (ferrous), 
aluminium and copper respectively in ignition-tubes ; 
note differences, both in the gases evolved and in the 
residues obtained (^). 
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Add lo*d *c«UU^ i't> ; allow the prt^cipiute to sUnd 
{l\; chaugo on ImuIiu^ {I). K4*iH«Ai, miiug tilTer 
Dilrmle and mercarouii nitrate rf«t|H»ctiTeIr 0^* 

Add ferric clilorido • t > ; explain. Treat with alumin* 
tnm aolpbate and bt«ai ( 1 1, 

Trt^al ike aolutiou with chlorine water, bromine 
water, and a »>lotion of iinline in polanHium iodide 

reii|>ectiTeIr (t>; explain. 

Treal alamininm with potaasiom or aodinn hrdrox* 
tde, then add a ihionalphate ; proTe that a snlphide is 
formed i?i (difference from sulphiteii). 

//oir nm y-'ii drtrrfnint the prrsenrr ttf a aulphulr^ a 
M^pkiUt^ CI BuIfthiU^ ami a thufMulphaie mipfriicri%f^ in a 
mixiurr omttiinimj all «/ tkrm ? Pr^yvt ynur mrihtnt bjf 
trying iV. 

lS««e Browning k H«>we, Zeit f. Anorg. Ch., XVIII, 
37U or ( hemical News, LXXVIII. 213.) 
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dilate acids iX) ' ; filter and add to the filtrate chlorine 
water or aqua regia ^X)^ 

Treat with lead acetate, silyer nitrate, and mercaroas 
nitrate respectively {%) ; in each case treat a portion of 
the precipitate with dilute nitric acid (^) ; boil the solu- 
tion containing the other portion (t). 

Reduction Heactiona. — Add sodium sulphite to an 
acidified solution of each of the following : (1) potas- 
sium permanganate {X) > (2) potassium chromate {X) I 
(3) mercuric chloride (J) ; (4) chlorine water (X) ; (5) 
ferric chloride (X), boil the latter {X)* 

Oxidizing Reactions, — (1) Add hydrochloric acid to 
a solution of stannous chloride, then treat with sodium 
sulphite (X) \ (2) treat zinc with dilute sulphuric acid, 
then add sodium sulphite {%) ; pass the evolved gases 
into an alkaline solution of lead acetate iX) ; (3) pass 
hydrogen sulphide into an acidulated solution (use 
acetic acid) of sodium sulphite and warm (:{)• 

THIOSULPHURIC ACID. 

Heat a thiosulphate in an ignition-tube (^) ; compare 
with sulphites (J). 

Use a Solution of Sodium Thiostdphate. — Behavior 
when treated with dilute acids {X) > compare with sul- 
phites. 

Add barium chloride (X) ; treat the precipitate with 
dilute acids {X). Bepeat using calcium chloride {X). 
Compare with sulphites. 

1 Salpbite solations are liable to contain some sulphate ; thebariam 
salt maj in conseqaence not be entirely dissoWed. 
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Add lead acetate {X) \ allow the precipitate to stand 
(I); change on boiling {%). Bepeat, using silver 
nitrate and mercurous nitrate respectively iX). 

Add ferric chloride {X) \ explain. Treat with alumin- 
ium sulphate and heat (^). 

Treat the solution with chlorine water, bromine 
water, and a solution of iodine in potassium iodide 
respectively (|) ; explain. 

Treat aluminium with potassium or sodium hydrox- 
ide, then add a thiosulphate ; prove that a sulphide is 
formed (?) (difference from sulphites). 

How can you determine the presence of a sviphide, a 
sulphate, a sulphite, and a thiosulphate respectively, in a 
mixture containing aU of them ? Prove your method by 
trying it. 

(See Browning & Howe, Zeit. f. Anorg. Oh., XYIII, 
371, or Chemical News, LXXVIII, 213.) 



66 yoSMETALUC OR ACID^FORMISO MLBMKSTS. 

solatioo add carefully a soluUoo of potassian per* 
manganate (preTiootlj acidified with sulpkoric acid) 
until tbe color no longer diBap|>ear8 (t). Explain* 

Uow can you distinguish briwten a nitrite and a 
niiraif in the 9am€ sJuiii^n ? Try your mcihod. 
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small piece of aluminium and warm (|) ; hold a piece 
of moist red litmus paper near the mouth of the 
tube iX). 

Color some concentrated sulphuric acid with a drop 
of indigo, then add the nitrate solution {%) ; now add 
a small amount of sodium chloride or some well- 
boiled hydrochloric acid, and note any difference ob- 
served (t). 

NITROUS ACm. 

Use a Solution of Potassium Nitrite. — ^Treat with 
dilute sulphuric acid (|) ; heat the solution (^). 

Add silver nitrate {X) ; is the precipitate soluble ia 
water ? in ammonia ? in acids ? 

To a very dilute solution of potassium iodide add & 
little starch-paste solution and some dilute sulphuric 
acid {X)i^ then add a few drops of the nitrite solu-- 
tion iX) ; determine the delicacy of the reaction. 

Acidify a solution of ferrous sulphate with dilute 
sulphuric or acetic acid, then add a little of the 
nitrite solution (|) ; warm the solution (|). Compare 
with nitric acid. 

Pass hydrogen sulphide into the solution (|) ; acid-^ 
ify another portion with acetic acid, then pass in the 
hydrogen sulphide ; note the difference (|) ; heat the 
solution (I). 

To three or four cubic centimeters of the nitrite 

^ Acetic acid maj also be used here, but the use of nitric or hydro- 
chloric acids is not recommended, as these are more or less liable to 
contain traces of nitrous acid and of chlorine respectivelj, both of 
which would liberate iodine. 
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solution add carefully a solution of potassium per- 
manganate (previously acidified with sulphuric acid) 
until the color n6 longer disappears (1). Explain. 

How can you distinguish hettoeen a nitrite and a 
nitrate in the same solution ? Try your method. 
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Another portion with sodinm hydrate and test for 
copper in the same manner as given above for iron. 

HYDROFERRICYANIC ACID. 

Use a Solution of Potassium — Ferricyanide. — Treat 
with silver nitrate {%)- Determine the solubility of 
the precipitate as in the case of the ferrocyanide (:{)• 

To some of the solution add ferrous sulphate {X) > ^ 
the precipitate soluble in acids ? In alkalies ? Be- 
peat, using ferric chloride (J). 

Treat with copper sulphate, cobalt nitrate, lead 
acetate and zinc sulphate respectively, and describe 
the reactions {X)* 

Show how cyanides^ ferrocyanides and ferricynnides 
may he detected in the presence of each other. 

SULPHOCYANIC ACID. 

Use a Solution of Potassium Svlphocyanate. — Treat 
with silver nitrate (X) ; determine the solubility in am- 
monia, nitric acid and potassium cyanide ; also its 
decomposition on heating {X). 

Add a few drops of ferric chloride to a dilute solu- 
tion of a sulphocyanate {X) ; determine the delicacy 
of the reaction. Is the color changed or destroyed by 
treatment with dilute or strong acids or alkalies? 
Shake some of the solution up with ether {X) i when 
the two liquids have separated, add drop by drop a 
solution of a ferrocyanide, shaking after each addi- 
tion (t). 

Treat a concentrated solution of the sulphocyanate 
with copper sulphate {X) ; try the same reaction w|th 
a dilute solution {X). 
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Mix together Bome cop{H*r fialpbate and sulpburoos 
AciJ and a^Ul the mixture to a moderately dilute aolo- 
tiuu of the Hulpbocjanate {X\ ; determine the delicacy 
of the reaction. 

Treat granulated xino with an acidified solution of 
the Bulphocyanatti ( t • ; hold a piece of paper moiiiteued 
with lead acetate oter the mouth of the tube (X) ; ex- 

pi. 
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THE ACIDS OF PHOSPHORUS: ORTHOPHOSPHORIO, 
PYROPHOSPHORIO, METAPHOSPHORIC. 



ORTHOPHOSPHORIC ACID. 

Heat in ignition-tubes, monosodium phosphate, di- 
sodium phosphate, microcosmic salt, ammoninm mag- 
nesium phosphate and tricalcium phosphate respect- 
ively (:{). Make solutions of the residues in water or 
in dilute acids, set aside and test for ortho-, meta- and 
pyrophosphates as given below (J). 

Use a SdvJtion of Diaodium Phosphate. — Treat with 
calcium and barium chlorides respectively (X) \ deter- 
mine the solubilities of the precipitates in acetic acid 
and in dilute mineral acids (t) ; treat the solution of 
the calcium salt in acetic acid with ammonium oxa- 
late (t), also with ferric chloride (J). Add sodium 
acetate to the latter, dilute and boil {%) \ filter hot, test 
the filtrate for calcium and phosphoric acid (|). 

Treat with magnesium sulphate (t). Bepeat, first 
adding ammonium chloride (why?) and ammonium 
hydrate ; note any difference {X) > is the precipitation 
complete ? 

To a solution of sodium acetate, add two or three 
drops of the phosphate solution, then ferric chloride 
drop by drop until a red tinge appears (^), boil the 
solution and filter hot {%) I ^^^^ ^^^ filtrate and test for 
phosphoric acid by the test given below (|) ; treat the 
precipitate with a little ammonium sulphide, shake 
well and let stand for ten or fifteen minutes ; then fil- 
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ter and test this filtrate for phosphoric acid {t) ; can 
the iron be separated from the phosphoric acid {Xy 

Test for the acid — acidify with dilute nitric acid ; 
add about one and a half times its own volume of 
ammonium molybdate to the solution, warm to 70^ 0. 
and allow to stand {X) ; solubility of the precipitate in 
acids and in ammonia (X). 

Add silver nitrate (X) ; solubility in nitric acid and 
in ammonia (X)- 

PTROPHOSPHORIC ACID. 

Use a Solution of Sodium Pyrophosphate. — Treat 
with barium chloride {X) \ solubility in acetic acid and 
in mineral acids (|). 

Add silver nitrate (X) \ solubility in ammonia and in 
nitric acid (:{). 

Add magnesium sulphate (X) \ continue the addition 
of the magnesium salt (X) \ ^^w add ammonia {X) \ 
boil the ammonia solution (X) (distinction from ortho- 
phosphate). 

Add ammonium molybdate {X) \ ^o another portion 
first add nitric acid and boil, then add the molyb- 
date iX)' 

HETAPHOSPHORIC ACID. 

Use a Solution of Sodium Metaphosphate. — ^Add 
barium chloride (X)* 

Treat with silver nitrate (X) I solubility (J). 

1 This experiment is of considerable importance, as bjr its means 
phosphoric acid may be removed from solutions in which the 2nd 
and 8rd Qronp bases are to be determined. 
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Add ammouium chl«jri«i(% thon niAguosium »ul- 
l^liAt^ iX) ((iinUnotititt fr«iu orilio- auii pjroiihofi* 
IiIiaU***). 

Aruiifr A tall of each of the ]»Ii<><i|>b<)nc aiMtU witb 
Aiviio aoiii auil Ailil a solation of (*f;i<-albaniiti ; Dote 
which of the acitU f;ive a n>actioo iX), 

//«'ir ct»\Ul OrlcA </ /Ar ^icii/j be thinfrd U'hrm ikrf Qr0 
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THE COMMONER ACIDS OF CARBON :— CARBONIC, 
ACETIC, OXALIC, TARTARIC, CITRIC. 

CARBONIC ACm. 

Heat several carbonates (e.g. sodinm, calcinm, ba- 
rium and lead) in ignition-tnbes (X) ; repeat, using a 
porcelain crucible and blast-lamp (X), 

Treat a carbonate with dilute hydrochloric acid (X) ; 
provide the apparatus with an outlet-tube and con- 
duct the gas down into a test-tube containing calcium 
or barium hydrate (do not let the outlet-tube dip into 
the liquid) ; close the test-tube with the thumb and 
shake (|:). 

Use a Solution of Sodium Carbonate. — Treat with ba- 
rium chloride, calcium chloride and lead acetate re- 
spectively (t) ; determine the solubility in acids (J). 

Add silver nitrate (J) ; allow to stand (J). Test the 
solubility in ammonia and in ammonium carbonate (X). 

How can you distinguish between a carbonate and 
a sulphite when both are present ? 

ACETIC ACID. 

Heat some sodium acetate, copper acetate and lead 
acetate in ignition-tubes (|) ; note any odor or inflam- 
mable gas given off and describe (|). 

Use a Solution of Sodium Acetate. — Add barium 
chloride {%) \ repeat, using lead nitrate {%). 

Treat with silver nitrate (%) ; if no precipitate is ob- 
tained, concentrate the solution ; determine the solu- 
bility of the precipitate In water, in acids, and in am- 
monium hydrate (^). 
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Add ferric chloride (1) ; dilnte largely and boil (:{)• 
Bepeat, using alumininm snlphate (|). 

Treat with concentrated sulphuric acid, cool, and 
add a little alcohol ; warm gently and note any odor 
obtained (:{)• 

OXALIC Acm. 

Heat some crystallized oxalic acid in an ignition- 
tube (t)» also some of each of the following oxalates : 
potassium, ammonium and calcium (^). 

Treat crystallized oxalic acid with concentrated sul- 
phuric acid and heat; what gases are given off? give 
proof (t). 

Use a Solution of Ammonium Oxalate, — Treat with 
barium chloride {%) ; test the solubility of the precipi- 
tate in oxalic, acetic and dilute mineral acids {%)* 

Bepeat the aboye, using calcium chloride {%) ; also 
make similar tests, using lead and silver salts {X). 

Treat a solution of oxalic acid, or of an oxalate 
acidified with sulphuric acid, with potassium perman- 
ganate (I). Explain. 

TARTARIC ACm. 

Heat in ignition-tubes the acid itself and several of 
its salts (e.g. potassium, ammonium and calcium 
tartrates) (t). 

Use a Solution of Potassium Sodium Tartrate (Ro- 
chelle salt). — Treat the concentrated solution with 
concentrated sulphuric acid and warm (:{). Explain. 

Add calcium chloride (|) ; test the solubility of the 
precipitate in the mineral acids, in acetic and tartaric 
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acids and in sodium hydrate (^);' boil the sodium 
hydrate solution (^). 

Test with solutions of calcium sulphate, barium 
chloride, copper sulphate and lead acetate respect 
ively it); determine the solubilities of the precipi- 
tates in acids, in sodium hydrate and in ammonia «). 

Add silver nitrate {X) ; test the solubility in nitric 
acid and in ammonia {X) ; boil the solutions (X). 

Bepeat the above in the following manner : Take a 
minute quantity (about the size of a pin-head) of the 
solid Bochelle salt, dissolve in a little water in a 
dean test-tube and add a few drops of silver nitrate. 
Dilute ammonia is then added, drop by drop, till the 
precipitate is nearly but not quite dissolved. Dilute 
with water until the tube is about half full and place 
in a beaker of boiling water (| . 

Use a Solution of Tartaric Acid. — Add calcium hy- 
drate in small quantity and in excess (^). 

Treat with potassium chloride {X)] with ammonium 
carbonate {X). 

To separate portions of the solution, add small 
quantities of ferric chloride, aluminium sulphate, 
manganese sulphate and copper sulphate {X) ; now to 
each add sodium hydrate (X) ; what effect would the 
presence of tartaric acid have upon the analysis of 
salts of these metals ? 

> Since sodium hjdrate generally contains carbonate, the calcium 
tartrate precipitate will not entirely dissolve on account of the pres- 
ence of calcium carbonate. It is best to filter and examine the filtrate 
for tartrates. 
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CITRIC Acn>. 

TiYAt A ii<>lati«»ii of a cMtr.ito mth CAlciutn chloride 
kX)\ b«>il the iMilutioii 1^1. Ti*««i tlio iMiIubilitT «>f Uio 
prfHM|>itAU« in Ci»M tMnlium hrdraU^ iti Ammoniuni 
cLIoriilo. atul ill Ao«*iic acid (tu 

Treat with ailvor nitrate («)• (IimmiIto in ammonia 
and boil (X) ; compare with the tartrate (t). 

Il**wcitn itcHu\ <»s*%!ic^ tariaric ami citnr aritU l^ <lr» 
irrini n Krn all arr pmntni ? 
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BORIC AND SILICIC ACIDS. 

BORIC ACID. 

TJsz a Scintion of Borax. — To the moderately con- 
centrated solution add dilute hydrochloric acid and 
allow to stand ; what takes place ? 

Treat with solutions of the following substances : 
barium chloride, lead acetate and silver nitrate ; note 
whether the precipitates are soluble in : (1) excess of 
reagent, (2) dilute acids and (3) ammonia {X\ 

Add a little hydrochloric acid, and moisten strips of 
tumeric paper with this solution ; dry the paper and 
note color (X) i moisten the dried paper with sodium 
hydrate {X) i ^oes hydrochloric acid restore the color ? 

Moisten some borax with concentrated sulphuric 
acid in a porcelain dish, add alcohol, warm and ignite 
the vapors of the alcohol ({). How could this test be 
carried out in the presence of copper salts ? 

Mix a small quantity of borax with a little calcium 
fluoride, and about double the quantity of powdered 
acid potassium sulphate ; moisten with a drop or two 
of water, take some of this on a platinum wire and hold 
in the outer Bunsen flame {X)» 

Make spectroscopic tests of boric acid (^). Com- 
pare with barium and copper. 

SILICIC ACID. 

Heat some finely pulverized feldspar on charcoal, 
also in the microcosmic salt bead (X). 

Use a Solution of Sodium SUicate. — Treat with dilute 
hydrochloric acid (X); evaporate a portion of this sub* 
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stance to dryness in a porcelain dish ; moisten with 
concentrated hydrochloric acid and again evaporate. 
What is obtained? Is it soluble in water, acids or 
alkalies ? 

Add to separate portions, ammonia, ammonium 
chloride and ammonium carbonate, describe what 
takes place in each case ({). 

Mix in a crucible some finely pulverized feldspar 
with 4-6 times its weight of potassium-sodium carbon- 
ate (fusion mixture), and heat at first with the lamp, 
until the mass fuses quietly, then for 16-20 minutes 
with the blast-lamp. Allow to cool ; place the crucible 
in a beaker and extract with hot water ; rinse out the 
orucible, acidify the solution and evaporate to dryness 
on the water-bath, using a porcelain or platinum dish ; 
moisten with concentrated hydrochloric acid and 
again evaporate, then treat with warm water and a 
little dilute hydrochloric acid and filter. Examine 
the filtrate for bases, and prove that the residue is 
silica (^). 



GEOUPING OF THE ACIDS. 

As lias been previouslj stated, the acids are some» 
times grouped according to their behavior toward cer- 
tain general reagents, such grouping being desirable in 
practical analytical work for purposes of elimina- 
tion. Barium chloride (or, in the presence of salts of 
silver, lead and mercury, barium nitrate) and silver 
nitrate are the general reagents chiefly used. 

Group I. — Barium chloride precipitates from neutral 
solutions the barium salt of the following acids r 
chromic, stdphurovSy thiostdphuriCj iodic, carbonic^ silicic^ 
sulphuric, hydrqflttoatlicic, phoaphoricy boric, hydrofluoric^ 
oxalic and tartaric. Of these only the sulphate and 
silicofluoride are insoluble in acids ; carbonic, thio* 
sulphuric and sulphurous salts are decomposed by 
acids, gases being evolved, while silicic is decomposed 
and remains as the dioxide. 

Group II. — Silver nitrate precipitates from solutions- 
acidified with nitric acid the silver salt of the follow- 
ing acids : hydrochloric, hydrobromic, hydriodic, hydro^ 
cyanic, hydroaulphuric, sulphocyanic, hydrqferrocyania 
and hydro/erricyanic. These are all insoluble in acids, 
but are decomposed by the metallic oxides and hy- 
droxides. 

Group III. — Nitric, nitrous and chloric acids and 
their salts are not precipitated by either of the rea- 
gents mentioned (nitrous acid or its salts in concen- 
trated solution is precipitated by silver nitrate, soluble 

on diluting). 
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PRELIMINARY EXAMINATION OF UN- 
KNOWN SUBSTANCES. 

Before undertaking the analysis of a compound or 
mixture it is always advisable to endeavor to find out 
as much about it as is possible, since such knowledge 
often determines the mode of actual procedure in 
carrying out the analysis, and not infrequently results 
in much saving of time. For this purpose certain pre- 
liminary operations or tests are resorted to, based 
upon the physical and chemical properties of the sub- 
stance as exhibited under varying conditions. It is 
needless to say that for these to be of any value, they 
must be performed with the utmost care, note being 
taken of all changes and results obtained, for even ap- 
parently insignificant facts often prove of value in the 
light of those subsequently obtained. 

A. Examination of Solutions. — One of the first tests 
to be made in the case of a solution is to determine its 
action upon litmus ; according to the results thus ob- 
tained, the following conclusions may be drawn as to 
the constituents present : 

(1) Nevtral Sdutiona — may contain only water. This 

can be ascertained by gently evaporating a small 

amount to dryness in a watch-glass upon a water- 

88 
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bath ; if no residue is obtained, it is evident that there 
were no salts in solution. 

A neutral solution can contain only the salts of the 
fixed alkalies, of ammonia, or of the alkaline earths, 
as the salts of the heavy metals very generally re^ct 
acid when in solution. 

(2) Add Solutions — may contain free acids^ acid 
salts, or the salts of the heavy metals. If the first of 
these only is present, upon evaporation no residue 
will be left, except in the case of a non-volatile acid, 
e.g. sulphuric, phosphoric, boric, etc. ; in this latter 
case the residue obtained will show a very strong acid 
reaction. 

The addition of a drop of dilute sodium carbonate 
solution to a few drops of the liquid to be tested, 
carried out in a watch-glass, will often enable one to 
determine to which of the above the acidity was due. 
If upon performing the experiment, no precipitate 
appears, or if one momentarily appears and then 
dissolves upon standing or stirring, an acid or an acid 
salt is probably present; if a permanent turbidity 
appears it is likely that the neutral salt of a heavy 
metal is present.^ 

(3) Alkaline Solutions — may contain either the hy- 
droxides, carbonates or sulphides of the alkalies or 
alkaline earths, or some of the salts of the weak acids 
in combination with a strong basic element, e.g. the 
phosphates, cyanides, thiosulphates, etc., of sodium 
or potassium, or finally, solutions of certain of the me- 
tallic oxides in the alkalies. It is usual, after making 

* Too much reliance must not be put upon these conclusions, fts it is 
evident that various causes may operate to mislead the obserrer. 
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the test just described, to determine the flame reaction, 
using for this purpose either the original solution, 
or the residue obtained from its evaporation. Great 
<5are should be taken to have the platinum wire per- 
fectly clean before making such test, otherwise unreli- 
able results may be obtained. 

B. Examination of Solids. — The physical properties of 
the solids should be carefully noted. Metals or alloys 
often indicate their composition by their color, hard- 
ness or density ; this is further proven by observing 
the solubility of these in various acids. 

For solids other than metals, the color and other 
appearance of the solid should be noted, then the 
following tests applied : 

(1) The Flame Reaction, — Introduce into the flame 
by means of a clean platinum wire a small portion of 
the substance. In case no color, or an uncertain 
€olor is obtained, moisten the wire in dilute hydro- 
<;hloric acid and again bring into the flame — salts of 
volatile acids give the most satisfactory flame-tests. 
By this means the presence of the salts of sodium, 
potassium, lithium, barium, strontium, calcium, cop- 
per and boron can usually be detected. 

(2) The Bead Teat. — Many of the metallic elements, 
and a few of the non-metallic, exhibit characteristic 
behavior when heated in a bead made of borax or 
microcosmic salt (sodium-ammonium-hydrogen phos- 
phate). The presence of compounds of copper, cobalt, 
•chromium, iron, manganese and nickel can usually be 
detected by the color imparted to the bead when held 
in the oxidizing or the reducing flame of the blowpipe, 
or both ; silicates leave an insoluble, floating skeleton 
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of silicon dioxide when heated in the microcosmic salt 
bead. 

(3) Blow-pipe Teat. — ^This is carried out by first heat- 
ing the substance (done on charcoal before the blow- 
pipe, then mixed with a flux such as dry sodium car- 
bonate, or with a flux and a reducing agent such as 
potassium cyanide. The behavior of the substance 
under each of these conditions should be carefully 
noted, as thereby much information may be gained 
concerning its character and composition. 

(a) On heating alone, ordinary alkaline salts fuse 
and sink into the charcoal ; occasionally some (sodium 
and potassium chlorides) decrepitate, others (chlorates^ 
nitrates) cause a rapid combustion of the charcoal. 

When a residue is left after heating, if colored, it 
should be tested in the bead and also by fusion with a 
flux ; if white, it should be moistened with a drop or 
two of cobalt nitrate and again heated sharply.. This 
gives characteristic colored residues in the case of 
salts of aluminium, zinc and magnesium, also of sili- 
cates and phosphates. If the residue is white, and 
when treated as above gives no characteristic color, it 
should be tested for its alkalinity with litmus paper ; 
the oxides of the alkaline earth metals are thus indi- 
cated. 

{b) On heating with a flux, a metallic globule 
may be obtained, or an incrustation of the oxide, or 
both. In the event of appearances of the first, it is 
advisable to introduce a small amount of a reducing 
agent such as potassium cyanide, since some of the 
metallic salts are quite difficult of reduction. The fol- 
lowing metals yield globules under these conditions : 



UNKNOWN SUBSTANCES, 87 

gold, silver, copper, lead, tin, bismuth and antimony ; 
each of these is readily recognizable by its physical 
properties when alone ; when, however, two or more 
are present it is much more difficult to identify them. 
Arsenic, zinc and cadmium give an incrustation of the 
oxide without giving a bead ; the former is white, ac- 
companied by a garlic-like odor during the heating ; 
zinc oxide is yellow when hot, becoming white on cool- 
ing, while the oxide of cadmium is yellowish brown ; 
they can generally be identified by means of these 
characteristics. 

(4) Fusion on Platinum FoU, — A small portion of the 
substance should be mixed with sodium carbonate and 
some oxidizing agent such as potassium nitrate, potas- 
sium chlorate, etc., and heated on platinum foil in the 
hottest pQ.rt of the Bunsen flame. Colored residues 
indicate the presence of manganese or of chromium, 
which would also be shown by the bead test. 

(5) Heating in Ignition-tvbes. — On heating in a small 
tube dosed at one end, the substance may undergo 
various changes which should be carefully noted. 

(a) The substance simply melts, solidifying again 
on cooling ; this may be accepted as an indication of 
the presence of salts of the alkalies or alkaline earths, 
of silver or mercurous chloride, or of lead chromate. 

(b) Water is given off; it may be due to hygroscopic 
moisture, to water of crystallization, to the decomposi- 
tion of metallic hydroxides, or to the breaking down of 
certain acid salts (EHSO4, MgHPO^, etc.). The es- 
caping moisture should be carefully tested with lit- 
mus paper; alkalinity is generally indicative of am- 
monium compounds, acidity of the decomposition of 
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acid salts, or of the salts of certain of the heavy metals 
which break down in the presence of water upon be- 
ing heated, yielding acid vapors. 

(c) A change of color ensues ; a number of metallic 
oxides become yellow when hot, e.g. the oxides of 
zinc, tin, lead and bismuth ; certain salts which con- 
tain water of crystallization change in color when this 
is driven ofif, e.g. salts of copper, cobalt, nickel, iron, 
etc. 

{d) Formation of a sublimate ; this may be due to 
salts of ammonium, arsenic or mercury, or to the va- 
pors of sulphur or of iodine. 

(e) Gases are evolved ; significant according to the 
gas given off. Oxygen indicates the presence of chlo- 
rates, bromates, iodates, nitrates or of certain metallic 
peroxides ; hydrogen indicates formates and oxalates 
(under certain conditions, as in presence of caustic 
alkalies) ; chlorine, bromine or iodine indicate halogen 
compounds, generally in the presence of oxidizing 
agents ; sulphur indicates persulphides or thiosul- 
phates (in the presence of salts yielding acid vapors) ; 
sulphur dioxide indicates sulphites, certain sulphates 
(copper), or the oxidation of free sulphur ; hydrogen 
sulphide indicates sulphides, sulphites or thiosul- 
phates (which sometimes yield hydrogen sulphide 
when decomposed in the presence of other substances) ; 
carbon dioxide indicates carbonates or oxalates (in the 
latter case it will be found mixed with carbon monox- 
ide) ; ammonia indicates ammonium salts (especially 
if alkaline hydroxides, carbonates, oxides or sulphides 
are present); nitrogen peroxide indicates nitrates of 
certain of the heavy metals (lead, bismuth, etc.) ; cya- 
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nogen indicates the presence of sulphocyanates or of 
certain cyanides (silyer, mercnrj, etc.). Each gas or 
yapor may be recognized by its color, odor, inflamma- 
bility or other of its properties. 

Certain preliminary tests are likewise sometimes 
employed for determining the presence of the acid 
radicals, but since many of these have been indicated 
in the preceding outline, and since it is rarely neces- 
sary that a preyious knowledge should be had of what 
acids are present — except that it becomes necessary to 
know whether organic acids or phosphates are present 
before proceeding with the separation of the third- 
group metals — no outline of such preliminary tests will 
be given here. * 

In making the analysis of a giyen substance, the 
bases are always to be determined first. During this 
process yaluable information may be obtained con- 
cerning the nature and presence of many of the acids, 
also as regards the character of the combinations of 
the acids with the bases. Further information upon 
these points may sometimes be obtained during the 
treatment of solids while effecting solution. 

C. To Effect the Solution of a Solid. — Since most ana- 
lytical operations are carried out in solution, it is a 
matter of considerable importance to select a solyent 
which is best suited for such purposes. 

Water is naturally the best and most uniyersally 
employed solvent. Next to water dilute hydrochloric 
acid is to be preferred. Nitric acid or aqva regia, 
though sometimes used, are not so well suited for 
analytical purposes, on account of their well-known 
oxidizing properties, which frequently produce unde- 
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sired results — as in the treatment n^ith hydrogen sul- 
phide, in which case much free sulphur is liable to be 
obtained. 

To bring the substance into solution the following 
order of procedure is recommended : 

(a) Treat a small portion with distilled water and 
heat ; in the event that complete solution is not ob- 
tained, filter and evaporate a few drops of the filtrate 
to determine if any of the substance was dissolved. 

In case of partial solution, treat a portion of the 
substance sufficient for analysis in the manner de- 
scribed, washing the undissolved portion on the filter 
with hot water ; use the water solution for analysis. 

Note. — ^A portion of this solution«ishould be used in 
testing for those acid radicals which are liable to be 
decomposed by the subsequent treatment with min- 
eral acids. 

(6) Treat the residue first with dilute, then, if not 
dissolved, with strong hydrochloric acid and warm' 
(the behavior of the substance under this treatment 
should be observed carefully, as frequently indica- 
tions are obtained of the presence of various of the 
acid radicals, such as carbonates, sulphides, sulphites, 
cyanides, etc.). 

If complete solution results, mix together small 
portions of the water and hydrochloric acid solutions, 
and, in the event that no precipitation ensues, use 
such a mixture for the analysis. If precipitation 

* Here, as in all such cases, it is advisable to experiment with only 
a small port]on first, as bjr so doing we are frequently saved the 
anneoessary introduction of useless reagents which afterward hayo 
to be removed. 



UNKNOWN SUBSTANCES. 91 

takes place, it is advisable to analyze the two sepa- 
rately. 

(c) In case of incomplete solution in hydrochloric 
acid, try nitric acid, at first alone, and then with the 
addition of hydrochloric acid, aqtia regia. Under 
these conditions salts of silver, lead and mercury, 
which are insoluble in hydrochloric acid, are partially 
brought into solution ; also certain of the metals, al- 
loys, refractory metallic oxides and insoluble sul- 
phides. 

This solution should be evaporated to a small bulk 
in order to get rid of as much as possible of the free 
acid, then mixed with the hydrochloric acid solution 
and, after dilution, used for the analysis. 

{d) That portion which remains undissolved after 
the above treatment must be subjected to fusion. 
For this purpose, it is mixed, after drying, with from 
four to six times its own bulk of fusion mixture * and 
a little potassium nitrate. The fusion may be ef- 
fected in a platinum or porcelain crucible (in case lead, 
silver or the salts of other easily reducible metals 
are present, a porcelain crucible should always be 
used), by heating over the Bunsen flame until quiet 
fusion results, then over the blast-lamp for a consid- 
erable time, or until the decomposition is complete. 
The fused mass is extracted with boiling water, 
filtered and washed. The filtrate, after acidifying, 
may be tested for those acid radicals which are most 

^The double carbonate of potassium and sodium. This can be 
made by heating Rochelle salt in an open crucible until no more gas 
is evolved, extracting with water, evaporating the water extract to 
dryness and igniting the residue. 
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likelj to be preflent (solpbaric, silicic, hydroflaoric, 
chromic, ariMMiic, phosphoric, hydrochh>ric). The re- 
nidue is diiMolved in dilate hTdn>chloric or uitric acid 
— filtering from anj iusolable portiou— and teHt«*d for 
those metals which are most likelj to l>e prenent 
(bariam, calcium, strontinm, magnehium, lea4l, mlver, 
alnminium, chromium, iron, tiu;. 

In making the analvses of such solutions as thoMe 
obtained br the above described treatment, it is al- 
wars well to keep in min«l the fact that aur great ex- 
cess of reagents is t*) l>e aTuided,' and further, that in 
making precipitaitions, the subnUnoi^s are precipitated 
in the inverse order of their solubilities, hence it is ad- 
visable to filter and test a |H)rtion of the filtrat«» in (»rder 
to make sure of the completenens of such precipita- 
tion. The methiMls which are coninionlv empl«)ved in 
making a qualitative analysis are not <if su«*h a de^'ree 
of accunu^v that ordinary precautions mav l»e neg]<*cted« 

of tb« •trpOK'tb of ib« rr«|p*DU tt««(i 1 b<> aothtir b«*. for b>« owa 
daiwr*. •«i*>pi«>«| tb«» •? «C«tn •Qfc»«t^i by li«-<l'lr<»p. Cbaoi NVwa. Sl^ 
945. SA6. a«ini( tbr nf^rm^ or $q*€%9^U**t ba»i«; tu« Mrvtii^b of MM-b 
•olttUuii U tbeo ibdicalnl npoa tb« bofUiL 
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The same. Briefer Course. (Entirely new edition revised by Prof, G, IVells 

^iVs, X898.) 408 pp. xamo. fx.aoi*//. 
The same. Elementary Course, 36x pp. xamo. 75 cents net. 
The Human Body and the Effect of Narcotics. a6x pp. xamo. fi.ao net, 

5. Chomistry. By Ira Rbmsen, Professor in Tohns Hopkins University. 

Advanced Course (Inorganic entirely new edition^ iSgS.) 850 pp. 8vo. 

$a.8o net. 
The same. Briefer Course, (Entirely new edition^ x893*) 435 PP* $v*X9 f '• 
The same. Elementary Course, 97a pp. xamo. 80 cents net, 
\jsbm^\oxjyLBxiXiM\{fo Elementary Course). xo6pp. lamo. 40 cents «f//. 
Chemical Bzperiments. By Prof. Rbmsen and Dr. W. W. Randall. (For 

Briefer Course.) Ho blank pages for notes. 158 pp. xamo. 50 cents net. 

9. Politioai Economy. By Francis A. Walkbr, Ftesident Massachusetts InstI- 
tute of Technology. Advanced Course, 537 pp. 8vo. $a.oo net. 
The same. Briefer Course. 4x5 pp. xamo. $x ao net. 
The same. Elementary Course. 423 pp. xamo. $x.oo net, 

y. Qonoral Biology. By Prof. W. T. Sbdcwick, of Massachusetts Institute of 
Technology, and Prof. B. B. Wilson, of Columbia College. (Eevisodand 
enlarged, 1896.) a3X pp. 8vo. $1.75 net, 

8. Pwehoiogy. By Wiluam Jambs, Professor in Harvard College. Advanced 

Course. 6804-704 pp. 8vo. a vols. $4.80 «#/. 
The same. Brtefer Course, 478 pp. xamo. |i.6o net, 

9. Physios. By Gborcb P. Barxbr, Professor in the University of Pennsylva- 

nia. Advanced Course. 903 pp. 8vo. $3.50 net. 

10. Qoology. By Thomas C. Chambbrlin and Rolun D. Salisboky, Profcsson 

in the University of Chicago. (In Preparation,) 

I i. FImboo. By Hbnry Cartbb Adams, Professor in the Univcffsity of Michi- 
gan. Advanced Course, ztii + 573 pp. 8vo. 93«5o net. 
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MASON'S HTPROTISM AND SUGGESTION 

in Therapeutics, Education, and Seform. 344 pp* zamo. $1.50. 
Id Imyreialoa of a popular yet scientific work. 

Book Bujrtr: " The tone of Dr. Mason^s book coold not be bettered. 
. . . The statements of a modest, earnest, candid man of science, 
who is not thinking of himself, but who, through facts^s seeking after 
law and through law, for the newer therapeutics, the widereducation, 
the nobler IiTing.*' 

MASON'S TELEPATHY ASb THE SUBLIMINAL 

SELF Stli ImpreMioii. 343 pp. lamo. $1.50. 

Boston Tranter I'pt : " He repudiates the idea of the supernatural 
altogether. . . . Interesting and logicaL'* 

HENDERSON'S SIDE LIGHTS ON ENGLISH 

HISTORY With 80 full-page illuatxmtlona from the rarcrt 

OrlgiuaLl* 300 pp. 8vo. $5.00, ntt sptciaL 

Accounts and pictures bf contemporaries from Elizabeth to 1818. 

American HUtorical Review : "The book is interesting, erery 
page of it, and every one must say so.'* 

EUHNS'S GERMAN & SWISS SETTLEMENTS 
OF COLONIAL PENNSYLVANIA a stur ot tk« s*- 

called PenuaylTaaia Butch. 968 pp. lamo. It.50. 

Baltimore News : ** An admiraUe iupplement to make." 

Outlook .' " All that is best in the history of the Pennsylvania 
Dutch." 

Chica£o Post: **This charming piece of American history . . . 
tranafuaed with the apirit of a faiciaatlng romaace." 

McCRACKAN'S RISE OF THE SWISS REPUBLIC 

Second editLon* reriaed and enlarged, zi -f- 423 pp. 8vo. 93.00. 

TVi/l Albert B. Hart of Harvard : "This is the most convenient 
and serviceable book in Bnglish on Swiss history and development, 
and Americans have much to learn from the experience of our sister 
republic." 

THE COURTOT MEMOIRS 3d Impreaalom. 8VO. ta.oa 

Literary iVorid: ** More atrlkingthau any hiatarj . . . aare 
entertaining than any fiction." 

GORDT'S POLITICAL PARTIES IN THE UNITED 

STATES Vol. I, 1783-1809. 598 pp. xamo. %t,jSt net t^ioL 

A thoroughly reriied edition. Yol. I hy itaelf la a wall- 
ronnded hiatory of the TMeral period. 

To be completed in four volumes; the second is now in press. 
Nation : ** May be read not only by beginners, but by almost any- 
body with profit. Written in a clear and simple style, and entirely 
non-partisan." 

KRAUSSE'S RUSSIA IN ASIA adAatericanlapreiaton 

With la maps. 411 pp. 8vo. $4.00. 

Boston Transcript: " The author has had an inside view of Russian 
methods, or else he is extremely clever in collecting ioformatioo.** 
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